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The above photograph shows part of the 
rectangular-to-circular mixing section, 
stiffened to withstand pressure and 
vibration, and anchored to the supporting 
steelwork to counter the engine thrust. 
Expansion joints and roller supports are 
provided at other points to allow for 
thermal movement when the tunnel is 


operated. 


G. A. HARVEY & CO. (LONDON) LTD., 
WOOLWICH ROAD, LONDON, S.E.7 
Telephone: GREenwich 3232 (22 lines) 
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THE 


HAVILLAND 


HIGH SPEED 


WIND TUNNEL 


The welded structural steel and 
platework, designed in conjunction 
with De Havillands, was shop- 
fabricated and site-erected by 


Harveys. 
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a blind eye can be dangerous 


A wise man does not wait till trouble comes, he 
insures against it. So with Britain . .. who 

today has built up an air strength formidable 
enough to deter any would-be aggressor. Much 

of this vast insurance for peace stems from the great 
Hawker Siddeley Group; the Group that builds 
such superb aircraft and jet-engines. Some 

of the most famous of these are the Hawker Hunier, 
finest fighter in the world; the Avro Vulcan, 

the world’s first 4-jet Delta-winged bomber; 

the Gloster Javelin, the world’s first twin-jet all 
weather delta-winged interceptor. All these 
aircraft are in super-priority production for the 
R.A.F. and N.A.T.O. They are the Western 
world’s forceful argument for a prosperous 

and peaceful future. 


Hawker Siddeley Group 


18 St. Fames’s Square, London, S.W.1 


PIONEER...AND WORLD LEADER IN AVIATION 


A. V. ROE - GLOSTER - ARMSTRONG WHITWORTH 
HAWKER « AVRO CANADA « ARMSTRONG SIDDELEY 
HAWKSLEY - BROCKWORTH ENGINEERING 


AIR SERVICE TRAINING - HIGH DUTY ALLOYS 
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| a EXTENSION OF 


SHEETS 10 
= SUPERSONICS 


The new sheets in this series, now in 
preparation, which will be sent to all ? 
holders of Aerodynamics Data Sheets 
in the late summer, deal principally 
with Supersonic Aerodynamics. They 
include : — 


(i) Fundamental supersonics—isen- 

j tropic flow, simple wave flow, 

sa] plane and conical shock waves, 

; approximate two - dimensional 
theory, 

(ii) Wave drag of three-dimensional 
bodies—parabolic and conical 
forebodies and afterbodies, in- 
terference wave drag, 

(iii) Base pressure on wings and HH 
bodies, 


(iv) Properties of two-dimensional 
supersonic aerofoils, 


(v) Skin friction drag. 
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Designers of Complete Electrical Systems 
for Aircraft 


Liquid and solid propellent turbo starters 
A.C. and D.C. Electric Starters 
A.C. and D.C. Motors 
A.C. and D.C. Generating Systems 
Invertors 
Magnetos 
High energy ignition units 


Actuators 
Switches 
Batteries 
Lighting 


ROTAX LTD., WILLESDEN JUNCTION, LONDON, N.W.10, ENGLAND. TELEPHONE: ELGAR 7777 
LUCAS-ROTAX (AUSTRALIA) PTY. LTD., NEPEAN HIGHWAY, CHELTENHAM S.22, VICTORIA, AUSTRALIA 
LUCAS-ROTAX LTD., SCARBOROUGH, ONTARIO, CANADA 
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Come to think of it, weight nearly 
always is a problem. 

In almost every branch of industry 
— and particularly in transport — 
weight saved means greater all-round 
efficiency and economy. 

That’s where light, strong and durable 
‘Kynal’ wrought aluminium alloys come 
in—enabling weight to be reduced without 
loss of strength. With the aid of the 
Technical Service and Development staff of 
I.C.I. Metals Division, engineers and designers 
are constantly finding new uses for ‘Kynal’ alloys. 

May we help solve your weighty problems ? 


‘KYNAL’? AND ‘KYNALCORE’ wrought aluminium alloys 
are already extensively used in the following industries : 

Aircraft: ribs, spars, engine components, stressed skin covering, fittings, etc. 

Railways: structural members, roofing, panelling, windows, luggage racks, etc. 
Road Transport: structural members, floor planks and panelling, windows, tread 
strips, doors, small fittings, etc. 

Shipbuilding : bridges, wheelhouses, outer funnels, lifeboats and davits. decks, skylights, 
stanchions, bulkheads, water tight doors, etc. 

Building: roof coverings, side cladding ilators and windows, panelling, interior 
fittings, etc. 


IMPERIAL CHEMICAL INDUSTRIES LIMITED, LONDON, S.W.I M.317 


ior technical books The Aeronautical Quarterly 


BENNETT’S COMPLETE AIR NAVIGATOR VOLUME V 
By AIR VICE-MARSHAL D. C. T. BENNETT will be published approximately as follows: 
An oe Sixth Edition of this standard work. 464 pp. 30/- net. 
Part 2 July 1954 
METALLURGY OF WELDING Part 3 ‘Septeiaber 1954 
By WALTER H. BRUCKNER, B.A., B.S., Ch.E. Sect 4 Noverner 1954 


This book deals with welding from the metallurgist’s view-point, and 
will thus provide much-needed material to the engineering profession, 
especially those concerned with the problems of welding metals. 


oe PRICES PER PART 
MECHANICAL TESTING OF METALLIC Members: 7s. 9d., including postage 
MATERIALS and packing 
With Special Reference to Proof Stress Non-members: I5s. 3d., including postage 


‘ o 

By R. A. BEAUMONT, A.M I.Mech.E., A.F.R.Ac.S. and packing 

A Third Edition, completely revised and partially re-written to bring it 
completely up-to-date. 25/- net. 


. of equal appeal to the expert and the novice.” AERONAUTICS. SUBSCRIPTIONS (4 PARTS) 
PRACTICAL SHEET AND PLATE METAL Members: stalincaitiaiess oo 
WORK g 
By the late E. ARTHUR ATKINS | | Non-members: £3 Is. Od., including postage 
Up-to-date Sixth Edition revised by W. A. Atkins. | and packing | 


Profusely illustrated. 20/- net. 
** We can recommend this book as a sound reference for all engaged 
in sheet metal work."” ENGLISH MECHANICS. | 
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Particulars of other books from: 


SIR ISAAC PITMAN & SONS LTD | 
PARKER STREET KINGSWAY LONDON, W.C.2 
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The Finger 
on the Button | 


And the eye on the job—the brain too. The machine 
under the control of a button, the man free to use all his 
skill. Working without worry, without distraction, a 
man can work faster, less tiringly. 

The machine is a lathe, set up for boring. Accurate 
work, careful work, but the push button can make it 
fast work. The hand on the button is symbolic. By 
freeing skill from unnecessary distractions, electric 
control speeds up production, raises productivity—and 
lowers costs and improves accuracy. Push button 
control is ONLY ONE OF THE AIDS TO HIGHER 
PRODUCTIVITY THAT ELECTRICITY CAN 
BRING YOU. 


The British Electrical Development Association 


2 Savoy Hill, London, W.C.2. 
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IN EVERY INDUSTRY OR TRADE, electrical equipment is 
the key to modern production methods. There are 
probably more production-boosting and money- 
saving devices than you know of. Your Electricity 
Board can help you and give you sound advice. 

They can also make available to you, on free loan, 
several films on the uses of electricity in Industry— 
produced by the Electrical Development Association. 

E.D.A. are publishing a series of books on 
“Electricity and Productivity”. Four titles are 
available at the moment; they deal with Higher 
Production, Lighting, Materials Handling, and 
Resistance Heating. The books are 8/6 each (9/- post 
free), and the Electricity Boards (or E.D.A. 
themselves) can supply you. 


Electricity 


a Powerof Good 
for PRODUCTIVITY 
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Designed for the utmost compactness, the 
lightweight Vickers-Armstrongs “R” Type 
Cock and actuator fit neatly alongside the 
fuel pipe. Very small torque is necessary to 
operate it, even at extremes of temperature. 
This is achieved by the geometric alignment 
of the levers and the torque hardly varies 
through the temperature range. Main- 
tenance is simple; the actuator can be 
detached and the cock left in the fuel line. 


AIRCRAFT DIVISION - 
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The ‘R’ Type Fuel Cock 


1 


Four actuators may be used, the Plessey Panther, the 
Western E.R.J. 60, the Rotax C5605, and the English 
Electric Type 208, or the cock may be hand-operated. 


Sizes Available: 1”, 14”, 14”, 13’, 2” B.S.P. 


Weight Examples: 2” B.S.P. Cock, fitted Plessey Actuator, 
as illustrated, 3.68 lb. 
2” B.S.P. Cock, single spring loaded handle, 1.86 |b. 


Metric Threads supplied 


VICKERS-ARMSTRONGS LTD 


Suppliers of all types of cocks and valves for aircraft 


WEYBRIDGE - SURREY 


AT289 
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Problems of flight 


The Stag Beetle 


FOLDING WINGS 


Folding wings have been used by beetles since 
evolution was young. Man, in the carrier-based 
aircraft, has faced only recently the problem that 
Nature solved so long ago. 


There are nearly as many different reasons for 
folding wings as there are different kinds of beetle 
— and beetles, with their 250,000 species, are the 
largest order in the animal kingdom. Their habits 
vary widely. Some no longer fly; some never did. 
Those that do have heavier bodies than any other 
flying insect, because of their thick plates of 
protective armour. (Some also have enormous 
jaws: those of the male stag-beetle illustrated may 
be for fighting other males during the mating 


season, or perhaps for scraping plant-shoots to 
get at the sap.) 

This great weight demands large wings. Hence 
Nature’s problem. For many beetles burrow into 
the earth; many fight; many find their food or their 


safety in cracks in wood or chinks in stone. Un- 
folded wings would make all this impossible. And 
the beetle’s wings are fragile. To keep himself 
airworthy he has to protect them under armoured 
covers. (These covers are actually his fore-wings, 
specially adapted for this special task.) 

As in the crowded turmoil of the insect world, so 
in the tight space of an aircraft carrier. Man has 
taken yet another leaf out of Nature’s great book— 
has found to yet another of his problems another 
time-honoured answer. 

Pilots whose planes do not need the refinement of 
folding wings—because they land them at any of 
Britain’s airfields —value the excellent and helpful 
service of the Shell and BP Aviation Service. 


SHELL and BP AVIATION SERVICE 


Shell-Mex and B.P. Ltd., Shell-Mex House, Strand, London, W.C.2. 
Distributors in the United Kingdom for the Shell and Anglo-Iranian Oil Groups. 
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REGD. TRADE MARK 


Everyone who has flown in the turboprop Vickers Viscount is 
enthusiastic over its comfort, speed. and lack of vibration. On 
some routes it has doubled the amount of traffic going BEA. 
The Viscount, like so many of the world’s finest aircraft, 
makes use of ‘ Duralumin ’—manufactured by James Booth 


& Co. Ltd., pioneers of light, strong aluminium alloys. 


Photograph by courtesy of B.E.A. 


RQ 
JAMES BOOTH & COMPANY LIMITED \ 


BIRMINGHAM 


ARGYLE STREET WORKS +: BIRMINGHAM 7 
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A page from 
THE ESSO- HISTOIRE 
OF 
AERIAL LOCOMOTION 


Adapted from the French de 
P. Crochet-Damais. Illustrated par 
Philippe Féty avec permission. 


ICARUS AND THE WAXEN WINGS 


ING Minos of Crete was exasperated beyond measure 

by the slow progress of his labyrinth and the appalling 
inflation of Deedalus’s expense account. Mind you, Dedalus 
was handicapped by building regulations and, no doubt, 
bad trouble with the unions. 

Finally the king threw one of his tantrums, seized Dedalus 
and his son, Icarus, and locked them both in the beastly 
labyrinth .. . and that might have been the end of the affair. 
But the building, you will remember, was still incomplete. It 
had no roof, and Dedalus had only to invent and manufac- 


ture a helicopter to win his freedom. Patiently (so Ovid 
records) the architect and his son set to work: they plucked a 
thousand chickens and fixed the feathers with linen and wax 
to two light wooden frames... 

Deedalus took off first and flew direct and as the crow flies 
to Sicily, thus breaking the world record for a “* heavier-than- 
air’ flight (336 km). But Icarus never made it. Rumour 
reports that he became intoxicated by his aerial achievement, 
attacked the height record (2 m.) and got his wings melted by 
the heat o’ the sun. A pity in a way. 


Today genius gets results by remembering that it pays to sav 


AVIATION FUELS & LUBRICANTS 


ESSO PETROLEUM COMPANY, LIMITED, 
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NAE 


QANTAS 


AUSTRALIA’S OVERSEAS AIRLINES 


ANNOUNCES 
NORTH 
AIR 


As Part of the QANTAS International Network 


Now linked with the famous QANTAS-B.O.A.C. 
Kangaroo Route from Britain via the East to 
Australia, the famous ‘“‘Southern Cross’? route from 
Sydney via Fiji and Honolulu to San Francisco and 
Vancouver is operated by QANTAS. Modern Super 
Constellation airliners provide first-class and tourist air travel 
across the Pacific. 

The same high standard of service provided by the 
previous operators —-BCPA—will be maintained. 


Qantas now links 26 countries on 5 continents by 
68,000 miles of air routes. 


Qantas World Routes with associated airlines 


QANTAS EMPIRE AIRWAYS LIMITED, Incorporating BCPA—In association with B.O.A.C., B.E.A. and TEAL 
Consult your usual appointed Travel Agent, any office of B.O.A.C., or 


Qantas Empire Airways Ltd., 69 Piccadilly, W1 Telephone Mayfair 9200 
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T THE CHATEAU LAURIER, Ottawa, 
the first Annual Meeting of the Canadian 
Aeronautical Institute was held during the 
afternoon of 25th May 1954. The meeting was 
well attended and, by the number of questions 
asked, the interest in the Institute is very keen. 


Also present were Mr. “ Bob” Dexter, the 
Secretary of the Institute of the Aeronautical 
Sciences, and Mr. B. S. Shenstone, Member of 
Council of the Society. 


Mr. Dexter, on behalf of the Institute, pre- 
sented to the Chairman, Group Captain H. R. 
Foottit, a cheque for 1,000 dollars to help the 
finances of the newly-formed Institute, and 
Mr. Shenstone, in the course of his remarks, 
said that there was every likelihood that the 
Society would make a similar contribution. 
(The Council of the Society has since agreed 
to do so.) 


On behalf of the President, the Council 
and Members of the Society, I presented to 
Group Captain Foottit the Annual Reports of 
the Society for 1867-1893, the Society’s publi- 
cation prior to the JOURNAL. This will be the 
beginnings of the Library of the C.A.I., for in 
due course a library will be one of the 
Institute’s assets. 


The Canadian Aeronautical Institute has 
made a very fine start for already they have 
enrolled more than 300 members and have 
more than 100 waiting to be “processed.” The 
Interim Committee have worked extremely 
hard, and the results of their endeavours are 
now being shown. One of the most encourag- 
ing facts which has emerged is that approxi- 
mately 50 per cent. of the applications for 
membership have been received from those 
who are not members of any other aero- 
nautical body. 


In the evening of 25th May the first annual 
dinner of the C.A.I. was held, again in the 
Chateau Laurier. More than 400 people 
attended and listened attentively to the remin- 
iscences of Mr. J. A. D. McCurdy, and the 
address by Air Vice-Marshal A. Ferrier, both 
of whom painted the Canadian Aeronautical 
Scene. Mr. McCurdy made the first award of 


XXXV 


the McCurdy Trophy to Mr. R. S. Hiscocks, of 
de Havilland’s, for his work on the D.H. 
Beaver and Otter. 


During my stay in Canada I had talks with 
the Committees of the Branches of the C.A.I. 
in Ottawa, Toronto and Montreal, and we all 
received no little benefit from these discussions. 


After the C.A.I. meeting my wife and I 
motored to New York with “ Bob” Dexter 
and Mrs. Dexter, and the following morning 
we went into New York City. Mr. Paul John- 
ston, Director of the Institute, had arranged a 
lunch at the Wings Club at which I met, once 
more, some of the Council of the Institute, 
including Mr. W. A. M. Burden, and Mr. 
Preston Bassett. On the wall was hung the 


Union Jack presented to the I.A.S. by the 
Society. This Union Jack, dirty, tattered and 
torn, was the one which flew over the offices of 
the Society, day and night, during the blitz on 
London. Our visit to New York and the Insti- 
tute Building on East 64th Street was very 


At the first Annual General Meeting of- the newly-formed 
Canadian Aeronautical Institute, which was held at the Chateau 
Laurier, Ottawa. Left to right, Mr. R. R. Dexter, Secretary of 
the Institute of the Aeronautical Sciences; Dr. A. M. Ballantyne, 
Secretary of the Royal Aeronautical Society; Dr. J. J. Green, 
and Mr. B. S. Shenstone, Member of Council, Royal Aero- 
nautical Society. The badge of the Canadian Institute depicts 
the Canada Goose. 


5D) ||| 
— i. == 
\ 
ecretary s ews Letter 
a 
48 66 
July 1954 
= 


XXXVI 


brief but very pleasant, for the Director and 
his staff were manifestly pleased to see us. I 
don’t think anything can be said of New York 
which has not already been said. 


In Ottawa I managed to visit the National 
Research Council Laboratory with Mr. Dexter 
and Mr. Shenstone, and we were shown round 
by Mr. J. H. Parkin. I was particularly inter- 
ested in the model which was being built for 
the “ Seaway ” project, linking the Lakes with 
the St. Lawrence and the open sea. The model 
was in course of construction, and I can fore- 
see that it will be a source of great interest to 
the many visitors. 


After New York we visited Toronto, and 
had a quick look at A. V. Roe’s, de Havilland’s, 
and Dowty Equipment, and in Montreal I 
made brief visits to the factories of Canadair 
and Pratt and Whitney. I also had a flight in 
the de Havilland Otter. This was developed 
for the use of the “ Bush Pilot,” of whom 
“ Punch” Dickins, now with de Havilland’s, 
is a noted pioneer. 


We received a most sincere welcome every- 
where we went in Canada, and made many 
friends. It was impossible to accept some of 
the invitations given us, for even in the New 
World the day still contains but 24 hours. Yet 
on many occasions interest banished sleep. 


It is quite impossible to enumerate the 
many people who went out of their way to give 
us pleasure, but among the many were Dr. and 
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Mrs. J. J. Green, Mr. and Mrs. H. C. Luttman, 
Mr. and Mrs. R. D. Richmond, Mr. R. Hunt, 
Mr. W. D. Hunter, Mr. R. Guthrie, Mr. and 
Mrs. W. K. Ebel. I have not yet mentioned 
Mr. and Mrs. Ian Hamer, who made us feel 
completely at home, and taught us the meaning 
of the Canadian phrase “ You’re Welcome.” 
Our thanks to them! 


I am sure all Members of the Society will 
join me in wishing well the Canadian Aero- 
nautical Industries in general, and in particular 
the Canadian Aeronautical Institute. May 
they both fulfil their early promise. 


As I write, on 14th June, the sun is shining 
on the pleasantness of Hyde Park, in contrast 
with the sombre skies and wind of the previous 
day at London Airport. Despite the weather 
at the Garden Party everyone accepted the 
conditions philosophically, and was obviously 
prepared to make the best of the day. Under 
the circumstances the size of the attendance 
and the cheerfulness of everyone was quite 
amazing; it was as if someone had asked “ Are 
we downhearted? ” and each face was giving a 
smiling negative. 


In due course will appear an account of the 
Garden Party, but now I wish to say how much 
we were indebted to Mr. Green and the staff 
of London Airport for their assistance and co- 
operation on a day which threatened—but 
never succeeded—to become a wash-out, and 
that literally. 


Secretary 
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NOTICES 


An annual sum of £250 is available for premium awards for papers, including 


Technical Notes, published in the Journal. 


Members and non-members of the 


Society are invited to submit papers on any aspect of aeronautics 


AuGUST BANK HOLIDAY 


The Library and Offices of the Society will be closed 
from 5 p.m. on Friday 30th July until 9 a.m. on Tuesday 
3rd August 1954. 


FIFTH ANGLO-AMERICAN AERONAUTICAL CONFERENCE 

The Fifth Anglo-American Aeronautical Conference will 
be held in Los Angeles from 20th June to Ist July 1955. 
A draft programme is being prepared and full particulars 
will be published in an early issue of the JOURNAL. 


ASSOCIATE FELLOWSHIP EXAMINATION 
Home entries for the December 1954 Associate Fellow- 
ship Examination should be received by the Secretary not 
later than the 3lst August 1954. The lists for entries 
outside the United Kingdom have been closed. 


SOCIETY FOR EXPERIMENTAL STRESS ANALYSIS 

The Annual Meeting and Exhibition of the Society for 
Experimental Stress Analysis will be held in conjunction 
with the First International Instrument Congress and 
Exposition on 21st, 22nd and 23rd September 1954 in 
Philadelphia. Further particulars may be obtained by 
writing to Mr. F. G. Tatnall, P.O. Box 4034, Chestnut 
Hill, Philadelphia 18. 


GRADUATES’ AND STUDENTS’ SECTION 
A visit has been arranged to the National Physical 
Laboratory on the morning of Saturday 17th July. Mem- 
bers are requested to apply to the Hon. Visits Secretary, 
D. J. W. Richards, at 18 Geneva Road, Kingston, Surrey, 
as soon as possible. 


THE AERONAUTICAL QUARTERLY 
Volume V Part I of The Aeronautical Quarterly will 
be available from the offices of the Society early in July. 

Members are reminded that with Volume V The Quarterly 

reverts to four issues a year and that the price per copy 

and per subscription remains unchanged for Members of 
the Society (7s. 9d. per part and £1 11s. Od. per subscription 
including postage and packing). The new prices for non- 
members, beginning with Volume V, are: 

per part—I15s. 3d. including postage and packing. 

per subscription (4 parts)—£3 Is. Od. including postage 

and packing. 

The contents of Part I Volume V of The Aeronautical 

Quarterly are: 

Effects of Wire Length in Turbulence 
Investigations with a Hot-Wire 
Anemometer 

On a Simple Method for Calculating 
Laminar Boundary Layers 

Buckling of Oblique Plates with 
Clamped Edges under Uniform 
Shear W. AH. Wittrick 

Theory of an Accelerated Slender 
Supersonic Aerofoil 

The Delta Wing in a Non-Uniform 
Supersonic Stream 

Some Examples of Three-Dimensional 
Effects in Boundary Layer Flow J. Wilkinson 
Copies of all issues of The Aeronautical Quarterly are 

still available and subscriptions for all volumes can still 

be accepted. 


F.N. Frenkiel 
K.E. G. Wieghardt 


Geoffrey L. Sewell 
G. N. Lance 


ELECTION OF VICE-PRESIDENTS 


The following Members of the Council were elected 
Vice-Presidents of the Society for the year 1954/55: 
Mr. G. R. Edwards, C.B.E., B.Sc., F.R.Ae.S. 
Mr. A. G. Elliott, C.B.E., F.R.S.A., M.S.A.E., 
M.I.Mech.E., F.R.Ae.S. 
Mr. P. G. Masefield, M.A., F.1.A.S., F.R.Ae.S. 


First List OF BIRTHDAY HONOURS 

Among members of the Society who were honoured by 
The Queen on the occasion of Her Majesty’s Birthday 
were: 

Knight Bachelor 

A. A. Hall (Fellow) 
K.C.B. 

Air Marshal Sir John Boothman (Associate Fellow) 
C.BE. 

A. E. Russell (Fellow) 

In addition, Mr. M. L. Burgan, who was recently 
awarded the R. P. Alston Memorial Prize for his contri- 
butions to the flight testing of Blind Landing Equipment, 
has been awarded the M.B.E. 

C.M.G. 

I. Bowen (Fellow) 
O.B.E. 

F. A. Foord (Fellow) 


NEWS OF MEMBERS 
Mr. Sydney Allen (Associate Fellow) has been appointed 
Chief Engineer of the Rocket Division of Armstrong 
Siddeley Motors. 
Denis A. Birkett (Associate) has been appointed Tech- 
nical Director of Nevin D. Hirst (Advertising) Ltd. 


Mr. Claude T. Brown (Associate Fellow) has taken up 
a new post as Superintendent of the Undersea Warfare 
Division, Naval Air Development Center, Johnsville, Pa. 
He was formerly Special Assistant for Undersea Warfare 
in the Bureau of Aeronautics, Washington, D.C. 

Sir Harold Roxbee Cox (Fellow) relinquished his 
position as Chief Scientist of the Ministry of Fuel and 
Power on 30th June to take up appointments in industry. 


Mr. J. F. Harriman (Associate Fellow) has recently been 
appointed Head of the Mechanical Development Section, 
Rolls-Royce Installation Division, Hucknall, Notts. 


Air Commodore M. E. M. Perkins (Associate Fellow) 
has now been appointed Senior Technical Staff Officer at 
Headquarters Fighter Command. 

Mr. G. B. G. Potter (Associate Fellow), the managing 
director of Kelvin and Hughes, has been appointed to 
the board of S. Smith & Sons (England) Ltd. 

Mr. D. R. Samson (Associate Fellow) has been appointed 
Chief Stressman (Fixed Wing Aircraft) of Hunting Percival 
Aircraft Ltd. 


“HISTORY OF THE THEORY OF ELASTICITY ” 

The Library of the Society has no copy of Todhunter 
and Pearson’s “ History of the Theory of Elasticity ” and 
would like to obtain one. If any member has a copy of 
this classic for disposal the Secretary would be glad to 
hear from him. 
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Diary 


BRANCHES 
July 14th 


Halton -Visit to the B.O.A.C. Maintenance Base, London 


Airport. 
July 27th 
Singapore—Lecture : 
August 28th 


Radar. 


Shell House. 8.30 p.m. 


Singapore—Garden Party and Air Display at Kallang. 


3.00 p.m. 


ELECTIONS 


The following is a list of new members and transfers 
of membership of the Society :— 


Associate Fellows 


Douglas Raymond Andrews 


(from Graduate) 
Edward Hugh Bateman 
Walter Henry Chill 
Brian Bodley Collins 

(from Graduate) 
James Roy Combley 

(from Graduate) 
John Smithurst Elliott 

(from Graduate) 
Peter Thomas Fink 

(from Graduate) 
Robert John Don 

Glendinning 
Warden Reginald Hall 

(from Graduate) 


Associates 
Eric Sydney Baughn 
Kenneth Norman Endean 
Henry Albert Gomme 
Seiichi Hanawa 
John Charles Harding 
John William King 


Graduates 

Ernest Angus Boyd 

Robert John Featherstone 
Coppage 

Trevor Gerald Evans 
(from Student) 

Aileen Patricia Farmer 

John Gallichan 

John Norman Hullah 

Peter Lord 

Charles William Henry 
Mallett 


William Colin Frank Moxon 


(from Student) 


Students 
Peter Fritz Franz Arnfeld 
Anne Rosemary Chamney 
David Arthur Collings 
Brian Keith Glenister 
Robert Roy Landeryou 
John Ernest Monksfield 
Brian Rothnie 


John Edwin Innes-Crump 
Hans Jurgen Peter Bruno 
Kahn (from Graduate) 
Leonard Kendrick 
William Henry Lockton 
Joseph Merrick 
(from Graduate) 
Piers Anthony Morgan 
Walter Edwin Packman 
Myer Rosenberg 
Neville Philip Shevloff 
(from Student) 
Frank Solari 
George Wood 
(from Associate) 


Roy Frederick Plucknett 

Reginald Thomas Taylor 

Arthur Charles Runciman 
Thompson 

Alan Unsworth Tomkins 


Douglas William Pedrick 
(from Student) 

John Lloyd Hendy Phillips 
(from Student) 

Anthony Goodwin Roberts 
(from Student) 

John Bernard Prothero 
Thomas (from Student) 

William Wong 

Alan Graham Woods 
(from Student) 


Kenneth George Selby 
John Francis Sharpe 
Peter Gerald Simpkins 
John Charles Stanton 
James Edward Tootell 
Bryan Michael Wood 
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ACKNOWLEDGMENTS 


The Council wish to acknowledge with grateful thanks 
the return of the bound volumes of our Journal from 
1940 to 1944 from the Institution of Production Engineers, 
and also the return of back numbers of the Journal from: 
E. C. Hodgson, Esq., Associate; J. R. Kilner, Esq., 
Associate; and F. S. Saunders, Esq., Associate Fellow. 


JOURNAL BINDING 
Self-Binder Cases 

Self-Binder cases of the “ Easibind ” type are available 
from the offices of the Society. These binders are for 
members who do not have their Journals permanently 
bound, or who wish to keep their Journals together during 
the year for binding later. 

These cases will hold 12 Journals which are kept in 
place by means of flexible steel wires. Journals can be 
inserted or withdrawn easily without damage, so preserving 
the contents for permanent binding later. The Journals 
will open flat at any page. 

The binder is strongly made in durable dark blue leather 
cloth on stiff board covers and has gold lettering on the 
spine. . The year is not blocked on the spine but there is 
a panel on which members who wish to use the binder as a 
permanent case can put the date. 

The cost is Ils. 6d. each including postage and packing 
for either the size to fit 1952 and previous Journals, or for 
the size to fit the Journal from January 1953, which has 
been increased in size. Orders and remittances should be 
sent direct to the Secretary at the Offices of the Society and 
it is important to state whether the old size or new size is 
required. 


Permanent Binding 
There is no increase in the price of permanent binding 
of Journals. The prices are :— 
1953 Volume (including packing and postage) 16s. Od. 
Previous Volumes (including packing and postage) 18s. Od. 
Journals, with a note of the name and address of the 
sender, should be sent direct to The Lewes Press, Friars 
Walk, Lewes, Sussex, and the remittance to the Secretary 
at the Offices of the Society. 


CHANGES OF ADDRESS 


To assist in keeping the records of members correct and 
up to date the Secretary will be glad if all members will 
notify him as soon as possible of changes of address. 

When notifying changes please give the following 
particulars : — 


Name (in block letters). New address (in block letters) 
Grade of membership. Old address. 


Changes of address must be received before the 15th of 


the month in order to be effective for the JoURNAL for the | 


following month. 
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WITH WHICH IS INCORPORATED THE INSTITUTION OF AERONAUTICAL ENGINEERS 


VOLUME 58 


|. Introduction 

Gliding as a sport dates from the early nineteen 
twenties when German pilots, banned by the Treaty of 
Versailles from constructing or flying powered aircraft, 
turned their attention to constructing sailplanes. Their 
progress was remarkable and, after visits by some of 
their best pilots to England in 1929, many clubs were 
formed here together with an association of clubs, the 
British Gliding Association. Many of these clubs lasted 
only a few months but by 1937 a few were in a strong 
position and in November 1937 Squadron Leader (now 
Group Captain) Buxton gave a lecture“ to the Society 
reviewing developments up to that date. Developments 
in gliding are well recorded in the Journal of the B.G.A., 
Gliding, and in the other aeronautical periodicals, but 
it is proper that the Society should record periodically 
progress made in this branch of flying. 

Only about two horsepower are required to keep a 
sailplane in level flight and this must be extracted from 
the atmosphere by the skill of the pilot. In this struggle 
and in the design of the aircraft the latest developments 
in aerodynamics, in structures and in meteorology are 
utilised. Many items of knowledge, unimportant to the 
designer of a powered aircraft (to whom two horse- 
power is, perhaps, the power to the electric cooker) are 
important to the sailplane designer. As a result the 
aeroplane having the lowest drag coefficient in the world 
isa sailplane, the most economical electrical navigational 
instruments are those developed for sailplanes and 
atmospheric currents unnoticed by pilots of powered 
aeroplanes have been charted by glider pilots. 


PROGRESS SINCE 1937 

Several of the problems which Buxton discussed 
‘fifteen years ago are no nearer to solution. Dynamic 
soaring—the extraction of energy from an air stream 
whose speed is fluctuating—has received little further 
attention and it is agreed that, although dynamic soaring 
is possible for birds, it is unlikely to offer support for a 
glider. The problem of icing has been faced only by the 
development of pitot tubes which do not ice up. 
Other difficulties have vanished. Loss of control in 
cloud which often led to a high-speed spiral dive is now 
no hazard because of the improved stability and effective 
dive brakes of sailplanes. The recommendation that 


* Based on a Section Lecture given to the Society on 17th 
February 1953. 
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Recent Progress in Gliding’ 


A. H. YATES, BSe., BSc.(Eng.), A.F-RAe-S. 


(formerly College of Aeronautics, now Principal, City of Bath Technical College) 


“aero tow steel ropes should have a shock absorber” 
has been avoided by the development of nylon ropes. 

Many developments have taken place which were 
not foreseen by Buxton, notably the discovery of 
atmospheric waves in which gliders have reached the 
stratosphere. As a result of these developments record 
performances have improved steadily and shown no sign 
of having reached their limit. Figs. | and 2 show the 
progress of the world and British height and distance 
records. 

The Second World War prevented the holding of 
gliding events in the Olympic Games which were to have 
been held in Helsinki in 1940, but the design competition 
for a sailplane to be used by all competitors had been 
won by the German Meise. This machine has since been 
built in many countries and has become a standard club 
sailplane under the name Olympia. At the outbreak of 
war the leading countries, as regards both flying achieve- 
ment and design effort, were Germany, Russia, Poland 
and Great Britain. All four were enjoying subsidised 
gliding although the British grant was a mere £5,000 per 
annum. During the war sporting gliding in Britain came 
to a standstill and most clubs closed. Almost all sail- 
planes were commandeered and used in the training of 
the early pilots of the R.A.F. military gliders. 


1.2. OPERATIONAL METHODS 

When the clubs resumed operations one of the major 
changes introduced was in the method of instruction. 
Before the war two-seater training in gliders was a rarity. 
The training was solo from the start in primary gliders 
which had no enclosed fuselage. The few two-seater 
gliders available were used for occasional checks of 
pupils’ abilities and for passenger flying. The gliding 
clubs realised, as had the R.F.C. in the First World War, 
that the best instruction is obtained in dual control 
aircraft and, when efficient British two-seaters became 
available, they introduced dual training. Very few clubs 
now use primary gliders although the Air Training 
Corps, which has used dual training extensively, has 
re-introduced solo training for its school units. 

Another major change when gliding was resumed 
after the 1939-45 War was in launching methods. The 
largest clubs were situated at sites where an escarpment 
existed above which hill soaring could be practised in 
suitable winds. The launching was usually by elastic 
catapult from the hill-top although, for advanced pilots, 
launches by winch were available. In this method a steel 
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Ficure 1. Height records for gliders. 


stranded cable, attached to the glider by a_pilot- 
controlled release, is wound on to an engine-driven 
drum on the winch and the sailplane climbs like a kite. 
The heights reached by these launches were commonly 
caly a few hundred feet before the 1939-45 War, but 
the length of cable has since been increased and 

Beek launches to over 1,000 ft. are now common and over 
3,000 ft. has been reached exceptionally. As a result 

oe some clubs now operate from flat sites and rely on high 
launches by winch or aero-tow for training circuits or 
for thermal flying. 

The general introduction of belly-hooks on gliders 
has greatly helped towards higher winch launches. The 
nose position is suitable for bungy or aero-tow launches 
but during the steep climb of a winch launch the cable 
pull applies a nose down moment to the glider which 
must be balanced by up elevator; this results in a high 
drag and in a pitching motion if surges occur in 
the cable pull. The c.g. or belly hook is placed so that the 
direction of the cable pull passes through the centre of 
gravity during the climb, with the result that the elevator 
is nearly central and surge effects are eliminated. 


POST-WAR GLIDERS 
The main glider requirements of the British clubs 
and of private owners were met after the 1939-45 War 
by two companies. Elliotts, of Newbury, who had been 
building military gliders during the war, entered the sail- 
plane market with mass-produced versions of successful 
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German gliders re-designed to British standards and) 
materials. The Olympia, Grunau Baby and S.G.38 were 
the designs chosen. Slingsby Sailplanes, of Kirbymoor- 
side, Yorkshire, built sailplanes before the war and 
military gliders during the war. They immediately re- 
entered the market and, with the aid of sub-contractors,) 
produced the pre-war Cadet and Tutor single-seat 
trainers. Two new Slingsby two-seaters have appeared,’ 
the T.21 (Sedbergh) with side-by-side seating and the, 
T.31, a Tutor adaptation with tandem seating. New 
single-seat sailplanes have included the Prefect, the Gull” 
IV (a 15 metre span cantilever type rather similar to the, 
Olympia) and the Sky (a 17 metre span, high perfor- 
mance sailplane) which won seven places in the first) 
fourteen in the 1952 World Gliding Championships. — 
Costs have risen seriously; in 1939 the best available. 
British sailplane cost about £200 but now the price is six, 
times as much. In addition to the increase in cost of 
materials and labour, the size and complexity have’ 
increased so that there is now a demand for a utility. 
high performance sailplane. This demand may lead to 
competition in classes—as already occurs in yachting. 
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The Air Training Corps has introduced gliding for 
its cadets and, mainly on airfield sites, has obtained for 
them many thousands of certificates, but few have 
reached the soaring stage. The British Gliding Associa- 
tion is again active as the controlling body—issuing 
certificates of proficiency, assessing the ability of 
instructors, analysing and helping clubs to avoid 
accidents, issuing glider Certificates of Airworthiness 
under powers delegated by the Ministry of Civil 
Aviation, and generally encouraging progress in the art. 
Although no government subsidy has been forthcoming 
since 1939, the formation of the Kemsley Flying Trust 
in 1947 has helped many clubs by loans to buy gliders 
and other equipment. 


1.4. DEVELOPMENT ABROAD 


Gliding in the former leading countries Germany, 
Russia and Poland was disrupted by the war and little is 
known of developments even now behind the Iron 
Curtain. Germany was again forbidden to build or fly 
gliders from 1945 to 1951 but, when the ban was raised, 
several new designs were flying within a few weeks and 
two new two-seaters competed in the 1952 World 
Championships. 

Several governments give heavy subsidies with the 
result that France, Argentina, Sweden and Switzerland 
are now prominent. In the Dominions of Canada, 
Australia, New Zealand and South Africa the meteoro- 
logical conditions are very favourable and, with the aid 
of imported sailplanes, pioneers are establishing the 
sport. In the United States, where conditions are also 
excellent, great progress has been made, but by wealthy 
individuals rather than by clubs. 


2. Sailplane Design 


In Britain the days when anyone could build and fly 
his own glider are passing away. A code of British 


Figure 4. The Slingsby T.31, a 
tandem two-seater trainer. 


Figure 5. The Slingsby “ Sky” 


RECENT PROGRESS IN GLIDING 


Ficure 3. An EON Olympia sailplane during a winch launch. 


Civil Airworthiness Requirements now exists and new 
gliders must comply with these before they can be given 
a Certificate of Airworthiness. Although sailplanes are 
usually regarded as fragile craft the ultimate factor laid 
down in these requirements is about 7, so that it is not 
surprising that gliding clubs are in operation on days 
when civil airliners are grounded, or that sailplanes with 
their low flying speed explore cumulo-nimbus clouds 
which faster flying, powered aircraft fly around. 


2.1. MATERIALS 


Most sailplanes today are still made of wood and doped 
fabric with a D-nosed, wooden spar wing, wooden ribs 
with fabric covering and a plywood monocoque fuselage. 
In this country this type is easiest to repair and the 
synthetic glues, such as Aerolite, have greatly increased 
the durability of the glued joints. 

The use of metal for spars is widespread abroad. 
Before the war the German D-30 used dural box spars 
for both wing and tail boom; the American R.J.5 has an 
aluminium alloy spar and D nose and aluminium wing 
ribs but a wooden fuselage. The American Schweizer 


1-23, however, follows metal aircraft, practice with a 
riveted, metal monocoque construction. Other German 
gliders have used welded steel tubes in the fuselage 
structure. 

A lot has been written about the use of plastic 
materials—a lightweight plastic foam filling to a ply- 
wood sandwich has promising strength for weight 


Sailplane, winner of the World 
Championships, Madrid, 1952. 
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FIGURE 6. The wheels are 


The American R.J.5  sailplane. 
dropped after take-off. 


characteristics. The prospect of being able to stamp out 
wings in plastic (like ash-trays) has always excited the 
imagination of glider pilots and, if they were cheap 
enough to replace when damaged, the difficulty of repair 
could be ignored. Nevertheless no plastic glider is yet 
flying although wings of “ Durestos ” are under construc- 
tion in Britain under the joint auspices of the M.O.S., 
B.G.A. and the Kemsley Flying Trust. 

It must be admitted that progress in materials for 
sailplanes has been slow; perhaps inevitably in view of 
the lack of mass demand for sailplanes. 


2.2. DETAIL DESIGN 

There is great scope for ingenuity in the detail design 
of sailplanes. No other kind of aeroplane is taken 
apart so frequently and under such primitive conditions 
so that the introduction of “Pip” pins (needing no 
locking) and of main wing attachment pins, all extracted 
by a single movement of a lever, has been a great step 
forward. Much more remains to be done until ailerons, 
dive brakes and trimmers are automatically connected 
when the wing and tail are attached and no small parts 
remain to be lost. 

Even now an Olympia crew of three can de-rig and 
put the parts into a trailer within 15 minutes. 


3. Aerodynamic Developments 
3.1. FLAPS 

It is desirable that a sailplane shall have as low a 
sinking speed as possible over the whole speed range. 
The minimum sinking speed, often less than that of a 
piece of thistledown and as low as 100 ft./minute, occurs 
at a low speed and factors favouring it are low wing 
loading, high aspect ratio and a wing section of high 
camber. At high speeds, however, the camber should be 
low if the rate of sink is to be only moderate. This 
compromise has been discussed by Wilkinson. 

An attractive solution appears to be the use of a wing 
flap which enables the pilot to use a cambered section 
while circling at low speed and to revert to an 
uncambered section for high speed flying. Several 
gliders in the World Championships in 1952 were fitted 
with such flaps. Disadvantages are both structural and 
aerodynamic: the fewer breaks in the wing surface the 
less is the drag likely to be. 


FIGURE 7. The Horten XV tailless, single-seat sailplane. The 
nose wheel is retractable. 


3.2. WING SETTING 

Another interesting compromise is in the choice of 
the wing setting on the fuselage. For low drag at high 
speed this setting should be low but this will lead to 
landings in a tail down attitude and will make the take- 
off speed high. If on the other hand the setting is such 
that a three-point landing can be executed, the take-off 
is helped, but at high speed the fuselage takes up a nose- 
down, increased drag attitude. The R.J.5 and the Sky 
represent these two schools. 

Another problem concerning take-off and landing 
faces the designer. Both the R.J.5 and the Sky have 
wheels which can be dropped after they have been used 
for take-off and both face landings on the skid at the 
end of the flight. A skid can be a protuberance of high 
drag and its size on the R.J.5 is reduced to a minimum. 
The protection afforded to the belly was inadequate on 


one landing in the World Championship and the R.J.5 
was out of the contest for several days. The Sky. on 
the other hand, is fitted for rough British fields with a 
stout skid and one model carries a single built-in wheel. 


3.3. DRAG 


Improvement in the performance of a powered 
aeroplane depends not only on drag reduction but on 
engine improvement and the latter has been so startling 
that it has overshadowed drag improvement. The sail- 
plane designers, finding it difficult to increase the supply 
of power available from the air, have concentrated on 
drag reduction. 

The American sailplane R.J.5 is probably the clean- 
est aeroplane in the world today. It has a wing span of 
55 ft. and aspect ratio of 24:5. The wing has the f 
laminar flow section N.A.C.A. 63,-615 and a 24:1, 
taper ratio, a washout of 14 degrees and a loading of | 
5-4 lb./ft.2. Performance measurements have been made } 
and, by a programme of progressive improvement 
organised by Professor Raspet”’, of Mississipi State 
College, the gliding angle has been reduced to 1 in 40. , 
The wing section of the R.J.5 is one designed for a 
maximum of laminar flow in the boundary layer and, | 
although the surface was carefully smoothed, the resuit | 
shows that only about 30 per cent. of the boundary 
layer is laminar. 
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3.4. LAMINAR FLOW 


The performance improvement which would result 
from a completely laminar boundary layer has been 
calculated by Carmichael. He shows that the gliding 
ratio of the R.J.S would be raised from 40 to 72 if the 
boundary layer could be made laminar without the need 
for power expenditure but that, when allowance is made 
for the suction power which would be necessary, the 
effective ratio would be about 60. The R.J.5 would then 
glide twice as far as an Olympia from a given height. 

Measurements of the amount of laminar flow exist- 
ing on the wing surfaces of several sailplanes have been 
made by Raspet. His methods have included the use 
of a stethoscope connected to a pitot tube with which 
the boundary layer is explored by the observer in flight*. 
The change in the noise level at the transition point is 
easily heard. For the investigation of conditions well 
out on the wing the stethoscope is replaced by a micro- 
phone, amplifier and headphone system. Another 
method which shows the whole transition front at any 
one speed uses the fact that the rate of evaporation of 
a liquid (or sublimation of a solid) is different in the 
laminar and turbulent boundary layers. 

The results of these experiments indicate that the 
waviness of the aerofoil contour must be carefully 
controlled if the laminar boundary layer is to be 
preserved. The change of curvature on many glider 
wings at about 30 per cent. chord, where the spar finishes 
and the fabric begins, inevitably causes transition. 
Laminar flow can be preserved only if the contour is 
carefully maintained by supporting the fabric, filling 
hollows in the plywood and sanding the surface to a 
waviness of less than about 0-002 in. in 2°5 in. 

Even when the contour is perfect the laminar flow 
will be destroyed if specks of dust adhere to the smooth 
surface. Shenstone suggested that a particle 0-0005 in. 
in diameter would be enough to upset the flow and this 
is a typical size of the dust that settles on the wing and 
which would not be blown away in flight. It is thus 
necessary for good performance to achieve a high degree 
of freedom from waviness and then to keep the wing 
clean. 

If these precautions are taken and surface irregu- 
larities and leaks are avoided, the laminar boundary 
layer can be preserved so long as the pressure continues 
to fall. Even on the specially designed laminar flow 
sections this is unlikely to be much farther back than 
0:50 of the chord from the leading edge on the top 
surface. 

A series of tests on a sailplane has shown, however, 
that suction of air through the fabric of the wing can 
maintain a laminar boundary layer right to the trailing 
edge. Power must be provided to drive the suction 
pumps and, although this could be taken from a battery, 
a method which avoids the use of a power supply to aid 
propulsion is to use a hollow bladed windmill to extract 
the air from the wing interior. The drag of this wind- 
mill must be subtracted from the gain due to the 
extension of laminar flow and this is the “cost of 
Suction” referred to by Carmichael®. Even when 


* Mentioned by Buxton (1937). 


The French Castel-Mauboussin 8-15. Note the 


butterfly tail and slotted flaps. 


FIGURE 8. 


allowance is made for this “cost of suction ” the profile 
drag coefficient of a conventional section (N.A.C.A. 
4416) was found to be halved (0-008 to 0-004) by the 
use of suction. 


3.5. FLIGHT UNDER HUMAN POWER 

The very low drag coefficients obtainable with 
suction have suggested to Raspet™ that flight under 
human power may now be a possibility. He has shown 
that a muscle-powered aeroplane needs only 0-45 b.h.p. 
to maintain it in level flight and that this is within man’s 
capability. (The engines of the Canberra develop 


40,000 times as much power.) 


3.6. EFFECTIVE ASPECT RATIO 
Part of the drag coefficient of an aeroplane varies 
with the lift coefficient and is often written C,*/(zeA), 
where A is the geometrical aspect ratio and eA is known 
as the effective aspect ratio. The maximum gliding ratio 
(L/D) is proportional to (eA)! so that it is of importance 
to make this quantity as large as possible. 

The geometrical aspect ratio A of a sailplane wing is 
always high but ratios above about 30 are ruled out on 
structural grounds. The factor e is unity if the wing has 
elliptic loading and if no other part of the profile or 
parasite drag of the sailplane increases with lift 
coefficient. Tests have shown that the wing profile drag 
coefficient of the R.J.S does increase with C;, and when 
this increase is allowed for the factor e is 0:98. This 
suggests that the wing loading is very near the optimum 
and, since the wing twist is only 1-5°, will remain so at 
all speeds. The disadvantage of the large washout 
sometimes used to avoid tip stalling is that the loading 
can be elliptical only at one speed—usually the speed for 
minimum rate of sink. At higher speeds the load distri- 
bution deviates from the optimum and the performance 
deteriorates. (Recent tests have shown that serious tip 
stalling can be avoided without washout by carefully 
contouring the tip wing sections.) 

An interesting series of experiments® has been made 
with various wing tip shapes to find whether the effective 
aspect ratio can be raised by correct choice of shape. It 
is known that a large tip plate considerably raises the 
effective aspect ratio when the aspect ratio is small (e.g. 
tip fins improve the effectiveness of a tailplane). When 
fuel tanks have to be carried on the wing the present 
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tendency to install them at the wing tips may actually 
lead to a reduction in the wing drag. Several recent sail- 
planes have been fitted with “tip tanks” but, apart from 
protecting the wing tips from damage by the ground, 
these can have little effect on the already high effective 
aspect ratio and extra surface drag has been incurred. 


3.7. DIVE BRAKES 

The terminal velocity in a vertical dive of a clean 
sailplane may approach 400 knots—well above the 
maximum allowable on structural grounds. Air brakes 
are thus necessary which can easily be operated if the 
glider gets out of control—for example in a cloud— 
and which will limit the terminal velocity to a reasonable 
quantity. 

The same brakes will be invaluable in landing since 
the very flat gliding angle makes approaches into small 
landing fields difficult. The brake lever is the equivalent 
of the throttle to the glider pilot during landing—the 
glide is “ stretched” by moving the lever forward. How- 
ever it is not normally possible to go round again! 

It is important that the opening of the brakes should 
require little operating force at all speeds and give little 
or no pitching moment to the glider. It is undesirable 
that the maximum lift coefficient be reduced by the 
opening of the brakes since this would result in a higher 
landing speed with brakes out and might lead to heavy 
landings. Several types of dive brakes have been 
developed, mainly in Germany, and are fitted to top and 
bottom surfaces of the wings. 


3.8. HANDLING 
The handling characteristics of sailplanes have 
improved tremendously. Since the sailplane flies 
habitually in rough air adequate stability is vital and 
the tendency toward longer fuselages and larger tail 
% surfaces has ensured that most sailplanes can be trimmed 
pe to fly “hands and feet off” and even in rough air do 
See not demand undue concentration. The sailplane must 
not however be so stable that it lacks manoeuvrability. 
It is important that the aileron power is sufficient to 
enable the pilot to go into a steep turn, or to leave one. 
quickly. The design of ailerons for effectiveness in 
rolling an aeroplane at low speeds without giving an 
adverse yawing effect appears never to have been investi- 
gated. One designer’ has advocated full span, 
narrow chord ailerons while tests by Raspet in America 
have shown that several gliders rolled faster when the 
inner half of the aileron was locked in the central 

position. 


3.9. STRUCTURAL DISTORTION EFFECTS 

Since gliders seldom fly faster than 100 knots it 
might be thought that aeroelastic effects would be 
unimportant. The high aspect ratio and large ailerons, 
however, result in a comparatively low aileron reversal 
speed so that, at the maximum speed, a lot of the rolling 
power is lost by wing twist. 

It is not customary to mass balance the controls of 
sailplanes and it is not surprising that the wing flutter 
speed is not far outside the flight envelope. There were 
two occasions in Spain in 1952 when enthusiastic pilots 
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diving to finish a race encountered wing flutter—in both 
cases, fortunately, without disaster. 


4. Instruments 

It is interesting that in yachting, the sport most 
closely allied to gliding, instruments are scarcely used 
as an aid to piloting whereas the sailplane pilot would 
be at a considerable disadvantage if forced to fly with- 
out instruments. The glider is free to move in all three 
dimensions and the extra, up and down, dimension is 
the most important to its pilot. He has no reference 
datum to enable him to assess his vertical speed or his 
height and he finds a variometer (i.e. a rate-of-climb 
meter) well nigh indispensable. 


4.1. THE VARIOMETER 


The variometer is an instrument for indicating the 
rate of change of atmospheric pressure. It is connected 
to a thermally insulated reservoir of air (a vacuum flask) 
and to a static vent or to the static side of the pitot-static 
head. The rate of flow from the reservoir through the 
instrument is proportional, under certain conditions, to 
the rate of climb of the glider. 

In most aeroplane rate-of-climb indicators the 
instrument case serves as the reservoir, the flow from 
which is measured by the pressure drop across an orifice. 
This instrument is insufficiently sensitive to measure the 
small rates of climb in which the glider pilot is interested 
and its time lag is too great. The German Horn and 
the British Cobb-Slater variometers will indicate rates of 
climb or descent as low as 6 in. per second with a lag of 
only a few seconds. In these instruments the size of the 
leak increases with the flow from the reservoir and the 
leak size is directly indicated to the pilot. 

None of these instruments is able to distinguish 
between a climb which is due to a “zoom” (i.e. a 
conversion of kinetic energy to potential energy) and 
a climb due to a rising mass of air. The sailplane pilot is 
mainly interested in finding up-currents in the air and, 
when he thinks he has found one, often reduces speed 
from a fast cruise and circles at the minimum sinking 
speed. The rate of climb indicated by this speed 
reduction may conceal from the pilot for some time the 
real strength of the up-current. 


It was pointed out some years ago” that if the | 


source of static pressure p were replaced by a source at 
a pressure p—4pV* then changes of kinetic to potential 
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energy would not give an indication on the variometer*. 
The variometer now indicates only changes in the 
“energy height” of the glider which can arise from its 
drag (a reading of steady sink depending only slightly 
on flying speed) or from up or down currents. 

A small venturi can be designed to give a pressure 
p—4pV* and one built by F. G. Irving was fitted to the 
Sky sailplanes of the British team in Spain and proved 
very helpful to the pilots. 


4.2. AIR SPEED INDICATOR 

The noise made by a glider and its attitude are 
closely related to its air speed so that the pilot is often 
able to fly without much reference to the air speed 
indicator. The low air speed and the lack of vibration 
in a glider often result in an inaccurate reading so that 
the learner, in particular, can be led astray by trusting 
to the reading. 

The pressures supplied are usually from separate 
pitot and static tubes: the static tube also supplies the 
altimeter and variometer. Unfortunately the chance of 
their becoming blocked by ice is greatest during cloud 
flight when correct instrument readings are most 
important. Two solutions to this problem have been 
used on sailplanes. A pressure tapping at the nose of 
the glider, of large diameter with a trap to prevent water 
entry, can be used to provide pitot pressure while static 
pressure can be obtained from static vents on the 
fuselage side or from the cockpit itself. In this way, 
too, the drag of the pitot-static tubes is avoided. A 
second solution is to heat the pressure head electrically 
—the method adopted in most aeroplanes. A large 
supply of electrical power is not normally available but 
a design by Blanchard“® works adequately from a few 
watts supplied intermittently. 


4.3. BLIND FLYING INSTRUMENTS 

Sailplanes permitted to fly in clouds must be fitted 
with A.S.I., altimeter and turn-and-bank indicator as a 
minimum. The A.S.I. and altimeter can be protected 
from icing by the methods already outlined. The turn 
indicator of an aeroplane is often air-driven by a venturi 
but this is not suitable for sailplanes as it is liable to 
become blocked by ice at the very time of need, as well 
as being a source of drag. Electrically (d.c., battery) 
driven indicators are easily available, need little attention 
and are fairly economical in current. One German-made, 
miniature turn indicator runs from a four volt flash-lamp 
battery. 


* The relation between kinetic and potential energy for a 

dragless body in the air is 

gh=constant, 
where / is the height above ground, V is the body speed. 
The relation between air pressure and height, in the neigh- 
bourhood of a given height, is 

p+gph=constant, 
where p is the air density. 
Thus the relation between the speed of a body and the static 
pressure outside it is 

p—+pV?=constant. 
A variometer supplied with this pressure will thus give a 
constant reading in still air—j.e. the still air rate of descent 
of the glider. 
A more rigorous proof is given in Ref. 12. 


Many pilots find it difficult to maintain circles at 
constant air speed inside a turbulent cloud with only 
these instruments and a demand has arisen for an 
artificial horizon suitable for sailplanes*®. The 
standard models are either air-driven (which is 
unacceptable) or are electrically-driven. The current 
demanded is alternating current which must be supplied 
from batteries via an inverter. The German Horn 
horizon (incorporating a separate turn indicator) can be 
run on 2 amps from 18-volt batteries through an inverter. 
Several of these instruments with their inverters became 
available in Britain after the 1939-45 War and have 
proved very suitable for sailplane use. The cost of the 
post-war British equivalent may well be a bar to the 
wider use of the artificial horizon. 

A magnetic compass is valuable for cross-country 

navigation and for flying out of clouds in a chosen 
direction, although no great accuracy is needed. The 
turning errors inseparable from these compasses make 
them useless during circling flight so that a direction 
gyroscope which can be set to agree with the magnetic 
compass, from time to time, would be a useful addition. 
This, too, would be electrically driven and again raises 
the problem of power supply. 
4.4. BATTERIES 
Electrical power for the gyro instruments must be 
stored in batteries. Many sailplanes carry two or three 
lead-acid accumulators of the motor-cycle type but these 
are bulky and heavy. The silver-zine alkali batteries 
recently marketed by Venner are considerably lighter 
and more compact but are expensive”. 


"ORE: 


Ficure 10. The cockpit of the “Sky.” The panel instruments 

include two variometers, a fore and aft level, and the oxygen 

regulator. Also in the picture are the tow release, dive brake 
lever, undercarriage release and elevator trimmer lever. 
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4.5. RADIO 

The five Sky sailplanes entered by Great Britain in 
the 1952 World Championships were fitted with Pye 
“ walkie-talkie ” radio sets for air to ground communica- 
tion. The total weight of the glider set, including 
batteries, was 8 Ib. and the range was found to be about 
50 miles. 

There is no doubt that in competition or in research 
gliding such sets are an asset but the cost and need for 
careful maintenance will considerably restrict their use. 


2 


4.6. OXYGEN 

Several flights are made every year in Britain above 
15,000 ft. and at the standing wave sites in France and 
America they are very common. Oxygen supplies are 
thus essential and lightweight cylinders, regulator valves 
and masks have been developed for gliders. 


5. Meteorological Knowledge 
5.1. HILL LIFT 

The rising air which the pilot uses when he soars is 
set in motion in several ways. Most soaring flights, in 
1953 as in 1937, are made in the air flowing up and 
over a long ridge of hills. When the wind blows 
sufficiently strongly against the escarpment the glider 
can rise to a height which Buxton” gave as “about 
three times the height of the hill in good conditions.” 
The path of the air over a hill can be calculated and, if 
the air has neutral static stability (i.e. has a lapse rate 
equal to the adiabatic rate so that a parcel of air 
displaced upwards will have no tendency to continue to 
climb or to return) the factor of about three is confirmed 
by the calculations. Scorer“* has shown, however, that 
if the air is stable (i.e. has a lapse rate less than the 
adiabatic) the flow pattern may be much modified so 
that the height at which a sailplane can be supported is 
considerably greater than three times the hill height. 


5.2. LEE WAVES 

It has also been shown that if the wind increases 
upwards in a certain fashion an undulating motion of 
the air is initiated which extends upwards and downwind 
from the obstacle to great distances. These “lee waves ” 
or “standing waves” strengthen the hill lift and offer 
further space in the sky in which the sailplane pilot can 
soar. 

The first flights in these waves were being made in 
the mountainous parts of Germany in 1937 but since the 
war many hundreds of such flights have been made in 
several countries’. In the lee of the 15,000 ft. 
Californian High Sierras the world record height of 
44,000 ft. above sea level has been reached. Over the 
two or three thousand foot hills of Britain 15,000 ft. has 
been exceeded and even over the Chiltern Hills, which 
rise only 300 ft. from the surrounding plain, waves have 
been soared to a height of five or six times the hill height. 
The air in which these flights were made was found to 
be rising or sinking at speeds up to 2,000 ft./min. and 
to be extraordinarily smooth in most parts of the wave. 

The pilots of powered aircraft have always flown 
with caution when crossing hills in rough air. The 
discovery of these smooth and powerful waves means 
that aeroplanes crossing hills may lose height at a 
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dangerous rate in air which remains deceptively smooth. 
The court of enquiry after a recent crash called attention 
to this danger and the Ministry of Civil Aviation has 
now warned pilots of the dangers of these waves"”. To 
their discoverers, the sailplane pilots, the waves remain 
a source of joy and profit. 


5.3. THERMALS AND CUMULUS CLOUDS 

The convection currents in an unstable atmosphere 
have been used for soaring for about 20 years. Above 
about 500 ft. from the ground the bubbles of rising 
warm air are known to be large enough for a sailplane 
to be circled in—that is they aie at least 500 ft. across— 
and are known to rise at speeds around 10 ft. per sec. 
At the condensation level these “thermals” form 
cumulus clouds which may develop into cumulo-nimbus 
clouds if the lapse rate remains favourable. The British 
sailplane height record of 21,340 ft. was made by a flight 
in such a cloud and in South Africa, Comte has reached 
36,000 ft. in cloud climbing at 6,000 ft./min. on the 
way up. 

The problems of flying a sailplane in the rough air 
of a cloud in a steeply banked spiral were discussed by 
Buxton in 1937. Blind flying instruments then usually 
consisted of a turn and bank indicator and air speed 
indicator only. With these instruments it is difficult to 
maintain a constant air speed during the turn owing to 
the lag in the reading of the air speed indicator. If the 
pitot-static tube iced up the difficulties were accentuated. 
Loss of control often led to a high-speed spiral dive in 
which the maximum safe speed of the glider might be 
exceeded. 

These difficulties have been considerably eased by 
the fitting of dive brakes which can be opened at any 
speed and which limit the air speed to the maximum 
allowable. An artificial horizon removes most of the 
difficulties of steady circling while pitot heaters (or pitot 
openings which will not ice up) leave the air speed 
indicator in action. 

Other forms of lift discussed by Buxton included 
front soaring and dynamic soaring. Few flights have 


been made in fronts, partly because it is difficult to | 


distinguish the clouds at a front from any other accumu- 
lation of large cumulus clouds. It is now agreed that. 
although birds are small enough to use the gustiness of 
the air to stay airborne, sailplanes are too large to be 


able to gain more than trifling assistance from dynamic } 


soaring. 


5.4. TACTICS IN FLYING 

A pilot must have a knowledge of certain speeds to 
make the best of the weather conditions during a flight. 
For any sailplane in still air a relationship exists between 
its forward speed and its rate of sink known as the polar 
curve. The “speed for minimum sink,” a slow speed 
quite near to the stalling speed, is the speed chosen by a 
pilot wishing to obtain the greatest rate of climb from 
any source of lift. The greatest distance from a given 


height will be covered by flying at a speed which is the 
speed for minimum drag in still air but which depends 
on the headwind component and on the vertical motion 
of the air in general. 
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During a race, or during a long flight when the hours 
during which thermals are active are limited, the time 
spent on the flight is a factor. The ground speed must 
now be made a maximum by gliding between thermals 
at the optimum speed, which will depend on the average 
strength of the thermals and wind component, as well as 
on the glider performance. Knowledge of these optimum 
speeds is of increasing importance to pilots engaged in 
competitive flying. The days when credit was obtained 
for staying airborne or for flying downwind are passing 
and the tendency is for contests to consist of flights to a 
chosen goal (not necessarily downwind) or races to a 
goal or round a closed circuit. 

The design of a sailplane is influenced by the role it 
is intended to fulfill. For the early sailplanes designed 
for low minimum sinking speeds, highly cambered wing 
sections were chosen, but for good performance at high 
speeds less camber is desirable. These performance 
factors are the subject of a paper by Wilkinson''*?. 


6. The Future 

It is clear that gliding is a sport which is still 
developing rapidly in spite of the handicaps of rising 
costs and increasing regimentation. Little can be done 
to arrest the rise in prices of gliders since the numbers 
manufactured do not permit the use of mass-production 
techniques. At least one maker is attempting to cut 
costs by building smaller, simpler sailplanes but the 
quest for high performance may conflict with this aim. 

That regulation is necessary is admitted but the 
effect on the glider pilot is serious. More and more of 
the air over Britain is being divided into lanes within 
which flying is permitted, near or in cloud, only if certain 
radio sets are carried and if the pilot flies at an agreed 
height. These are impossible conditions for the sail- 
plane pilot and he must therefore cross these airways by 
keeping well away from his lift-giving clouds. The 
regulations governing the structural strength of sail- 
planes are now so severe that some gliders such as the 
Weihe, hundreds of which have flown in all parts of the 
world without any break-up in flight, now fail to meet 
the requirements not on one, but on many counts. 
Nevertheless, the Slingsby Sky, which does meet the new 
requirements, appears to fly well in spite of them. 

In spite of the advantages of high launches from 
flat sites, by car or aeroplane tow, most of the active 
clubs will continue to be based at hill sites. The 
possibility of flying for hours at an expenditure only of 
a few shillings for the winch or bungy launch from a 
hill site is attractive. The clubs which operate at flat 
sites, usually airfields which are not at the moment in 
use, have a very insecure tenure and are thus dis- 
couraged from forward planning, while those clubs which 
share an airfield with powered aircraft are finding that 
the increasing amount of power flying and its regulation 
restricts the freedom of the gliders. 

The use of sailplanes for research has barely begun 
in Britain although it is extensively developed in 
America. The ability to operate a cheap aircraft in 
steady flight conditions, unhampered by the noise and 
vibration inseparable from the powered aeroplane or 
the wind tunnel, enables valuable work on boundary 


layer and acoustic problems to be undertaken. As a 
meteorological research tool the sailplane is unrivalled. 
Its great strength and ability to fly slowly have already 
enabled meteorologists to chart the lee waves of the 
atmosphere and to explore the cumulo-nimbus clouds. 
These research uses will surely be developed. 
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Progress in Sailplane Design 


K. G, WILKINSON, B.5c., D.LC., A.FR.AeS., 


(British European Airways Corporation) 


Introduction 

Compared with the general advance of aeronautics 
in the past decade, or indeed with sailplane development 
in the 20’s and 30’s, progress in sailplane design has 
recently been very leisurely. This is due in part to the 
fact that there is less scope and partly because little 
effort has been expended. The most important advances 
in the art have been in the understanding and use of 
meteorological conditions which make soaring flight 
possible; sailplanes good enough for the purpose have 
existed. 

Before the Second World War the main design 
impetus came from Germany and Poland and in most 
‘current designs the German influence is still strongly 
evident. Since the war there have been outbreaks of 
activity in Switzerland (W.L.M.I., Moswey), Canada 
(where Shenstone and Czerwinski have inspired designs 
at Toronto) and in the United States. The total effort 
has not added up to that in pre-war Germany. 

This paper first summarises briefly the character- 
istics and performance of two pre-war and two post-war 
designs. The pre-war examples are outstanding German 
designs which illustrate the extent to which special 
developments were pursued in that country. They are 
not representative of the main stream of development, 
which is probably epitomised by the work of Hans 
Jacobs and the D-F.S.; this design school has been 
admirably illustrated by B. S. Shenstone’s definitive 
study of the Reiher development'’. The examples 
considered here indicate the talent which was devoted to 
sailplane design at that time; the first (D.30) was 
designed and built by the students of a Technical Insti- 
tute; the second (Horten IV) was the penultimate in a 
line of development followed by an individualistic pair 
of brothers with original ideas who devoted (and are still 
devoting) themselves to sailplane design. Plenty of 
other examples could have been quoted from the 
products of Technical Institutes and Universities 
throughout Germany, reflecting the opportunity and 
encouragement given to the youth of the country to 
learn flying and the principles of design through the 
gliding movement. Of the two post-war examples con- 
sidered, the first is an outstanding American design 
notable for its aerodynamic refinement, and the second 
the British Gliding Association prize-winning two-seater 
which incorporates some radical departures from 
conventional design practice. 

Comparison of the pre- and post-war designs shows 
an important improvement in potential performance 
through attention to basic design and detail finish and a 
new, but as yet unproved, approach to the constructional 
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problem. Insufficient has been published on_ the 
American design to enable a detailed comparison of 
stability and control features, but certain important 
changes have been made in wing and lateral control 
design. The B.G.A. two-seater shows some parallel 
trends in design for performance and stall behaviour 
and in addition a new approach to tail unit layout. 

The second part of the paper discusses aerodynamic 
design features which, in the author’s opinion, demand 
fresh appraisal in the light of knowledge gained since 
the best pre-war designs were conceived. In some 
instances improvements to be gained from a change in 
practice have already been indicated by research having 
a bearing on sailplane problems; an example of this is 
the application of the low-drag aerofoil. In other cases, 
such as the evaluation of stability and control character- 
istics, the use of proved theoretical methods enables the 
pre-war design practice to be reviewed critically. 

It is concluded that a number of traditional features 
can be altered with advantage, including the basic aero- 
dynamic design of the wing, the lateral controls and the 
tail unit. 


PART I—FOUR EXAMPLES OF PRE- AND 
POST-WAR DESIGN 


1. Darmstadt D.30” 


History: This sailplane was designed in 1933 and 
built during the period 1936-38 by members of the 
students flying club at the Darmstadt Institute of Tech- 
nology. The work was carried out under the direction 
of Bernhard Flinsch who, a few weeks after its first 
flight set a goal and return record of 190 miles by flying 
from Bremen to Liibeck and back. The same aircraft 
and pilot later won an international students soaring 
contest at Vienna. 


Description: Figure | shows the general arrangement. 
The wing structure comprised a dural box spar with ply 
nose and trailing edge. The whole trailing edge was 
plain flapped; the outer section worked as aileron and 
also drooped + 34° as a flap; the inner section could be 
moved over a range — 40° to + 34° as a lift flap. Spoiler 
type airbrakes were fitted to the upper surface of the 
wing. 

The outer half of the wing had dihedral variable 
between +8:°5° and —4-4° in flight. Altogether this 
represents one of the most ambitious sailplane wing 
structures ever attempted. 

The fuselage comprised a ply nacelle with a slender 
Electron beam carrying the tail surfaces. The canopy 
was jettisonable. 

The tail surfaces were of conventional ply and fabric 
construction. Although an elevator was fitted, the 
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tailplane incidence also changed when the stick was 
moved back and forth, being geared to move at half the 
rate of the elevator. 


Flight handling and performance: Sixteen pilots flew 
this sailplane in a flight test programme designed by the 
D.V.L. The consensus of opinion was that it was a 
simple and pleasant aircraft to fly and safe in all flight 
conditions. Performance tests were made with auto- 
matically recording instruments. 

Of particular interest are the results obtained in 
handling tests with various dihedral angles. Two of the 
standard tests (the second made at a range of flight 
speeds) were : — 

(a) Reversal of 45° banked turn using co-ordinated 
rudder and aileron, time taken to complete the 
manoeuvre being observed. 

(b) Application of full rudder for one second from 
initial straight flight conditions, controls then 
being held fixed. A record of bank angle against 
time was then made. 


The result of test (a) at 56 m.p.h. showed times rang- 
ing from 6:2 seconds at —4-4° dihedral to 4-9 seconds 
at +8-S° dihedral. 

Test (b) at max. L/D speed with 0 to —4-4° dihedral 
gave a steepening spiral, after initial roll in the opposite 
direction in the latter case. At +8-5° dihedral a steady 
banked turn (20° bank, 7 m.p.h. increase of speed) 
resulted. Flap or spoiler deflection and increase of 
initial speed gave improved spiral stability. 

Control forces were all light; this is commonly the 
case for rudder and elevator but not for aileron. Aileron 
effectiveness was good in spite of the large span, as 
demonstrated by the results noted. 

Stalling and spinning characteristics were satis- 
factory. 

Some special wind tunnel tests were made at 
Braunschweig to compare the drag of the “pod and 


Ficure |. Darmstadt D.30. 
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TABLE I 
DATA FOR THE FOUR SAILPLANES DISCUSSED 
Type D.30 H.1V R.J.5 B.G.A. 
Span ft. 66 65°6 55 60 
Aspect ratio 33-6 24-3 24°5 18 
Dihedral +8:5° to +5° 3 
—4-4° 
Wing section 64-612 
Tip N.A.C.A. 44) Symm. 
series 8% t/e 
Camber, 
12% t/e, 
G6 600 
fairing 63,-615 
Root N.A.C.A. 24| Reflex 64,-618 
series 16% t/c 
Camber, 
14% t/ec, 
G6 600 
fairing 
Flap Plain flap on Nil Nil |Whole T.E. 
inner wing, deflects up 
also droop- or down to 
ing ailerons vary 
camber 
Performance 
L/D max. 37-6 32 40:5 31:5 
Speed for 
L/D max. 
(m.p.h.) 48 47 50 50 
Weights 
Empty Ib. 448 530 492 
Load lb. 227 190 178 
Gross Ib. 675 720 670 1,000 
approx. 


boom” type fuselage with that of the conventional (e.g. 
Weihe, D.28) type. The conclusion reached was that no 
drag saving resulted from the unconventional arrange- 
ment. Drag per unit frontal area was the same in both 
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Horten H.IV. 


FIGURE 2. 


cases, although the surface area of the D.30 fuselage was 
nearly 40 per cent. less. 


2. Horten IV” 


History: The design was planned during 1936 and 
the prototype built during late 1938 and 39. Several 
more were built subsequently; at the end of the war one 
originally built in 1942 was brought to Farnborough, 
repaired and flown there. Later it was acquired by the 
late Robert Kronfield and reconditioned. It was flown 
by several B.G.A. pilots before being sold to the U.S.A. 


Description: Figure 2 shows the general arrangement. 
The centre-section (Fig. 3) with its prone position bed 
was built around a welded steel tube primary structure 
with Elektron sheet leg well and rear canopy (Fig. 4). 
The whole of the leading edge was covered with moulded 
Plexiglass. The wings were each in two sections, the 
main root section of conventional construction having 
a sheet Elektron tip. The nose wheel jettisoned auto- 
matically when the skid was retracted. 

Elevator and aileron control was by three part 
elevons. Maximum deflections for the two functions of 
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these control surfaces were : — 


Inner Middle Outer 

Flap Flap Flap 

Aileron down +13° + 9° + 16° 
up — 2° — 7 —28° 
Elevator down +16° +14° 
up — 3° — 14° —14° 


The outer flap had a Frise nose; the inner flaps were 
plain. 


FIGURE 4. 
nose wheel and pilot’s leg well on H.IV. 


FiGureE 3. Pilot’s bed on the H.IV. 


Retractable nose skid, jettisoning | 
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Rudder control was by drag rudders (DFS dive brake 
type) on the upper and lower surface of the wing tips, 
just behind the main spar. Large dive brakes, also of 
DFS type, were fitted to the main wing. 


Flight Handling and Performance: Flying character- 
istics were somewhat unconventional and it took some 
time for a pilot to become thoroughly accustomed to 
them. Low speed flight characteristics were docile and 
enabled the normal sailplane manoeuvre of slow speed 
circling to be made without trouble. At high speed in 
bumpy conditions, wing flexure produced a rapid pitch- 
ing motion which could make conditions extremely un- 
comfortable, particularly on aero-tow. Directional 
stability was poor and the Jateral oscillation poorly 
damped; this, combined with a rather rough rudder 
control proved disconcerting at first. Directional control 
during the rather prolonged ground run of an aero-tow 
was also more difficult than for conventional sailplanes. 

Aileron control was good; the reversal of 45° banked 
turn at max. L/D speed took 5 seconds which compares 
well with conventional designs. 

A great deal of flying was done in Germany on this 
type, including high altitude wave flights and thermal 
distance flights. The Hortens’ own view was that 50 
hours’ experience was necessary to become used to the 
unconventional characteristics and be’able to make the 
most of the potential performance. 

Performance tests?) were made to determine the 
sinking speeds relative to the D.30, which had previously 
been carefully calibrated. The results are shown in 
Fig. 8. In these tests the two aircraft were flown side 
by side at the same forward speed, and the change in 
relative vertical position observed after 3 minutes. 
These two aircraft were considered to have the best 
performance of any produced in Germany before the 
war, the Horten IV having previously proved better than 
the Reiher in comparative flight tests. The D.30 is 
clearly superior at high speeds but the Horten IV can 
outclimb it in slow speed circling flight in thermals, 
because, although its minimum sinking speed is prac- 
tically the same, it occurs at 34 m.p.h. compared with 
the 45 m.p.h. of the D.30. 


History: In 1947 Harland-Ross (a well known 
American sailplane designer) was commissioned by 
R. H. Johnson to build him an “ultimate performance 
sailplane.” At the end of 1949 Johnson took the partly 
completed sailplane to the Mississipi State College to 
finish it. The Engineering and Industrial Research 
Station there realised the potential value of the aircraft 
for aerodynamic research and helped Johnson by pro- 
viding space and technical help. Dr. August Raspet, 
of the Engineering and Industrial Research Section, 
worked with Johnson during 1950 and 1951 on a notable 
series of test and research flights to study and improve 
the performance of the aircraft. This work has been 
reported by Raspet’*’; to whom the present author is 
indebted for permission to reproduce the illustrations of 
aircraft and test results. 

In addition to research flying, Johnson has made 


some fine distance and speed flights, including a record 
distance flight of 575 miles in August 1951". 


Description: The feature of main interest is un- 
doubtedly the aerodynamic form of the wing. This has 
63, — 615 section throughout; the structure comprises an 
aluminium box spar with flush riveted sheet aluminium 
skin ahead of the spar, forming a D-nose torsion box. 
The after portion of the wing is built up from alumin- 
ium ribs with fabric covering. During the “cleaning 
up” process the front part of the wing was filled with 
pyroxilin putty and smoothed to give a waviness of less 
than +0-004 in. on a 2 in. base. Fuselage and tail 
surfaces are of conventional construction. 

Lateral control during the early flights was by small 
ailerons (Fig. 5) assisted by spoilers. It was later found 
that the spoilers did not contribute much to control but 
appreciably to drag, so they were sealed up and not 
used. Split flaps (acting as dive and landing flap) were 
fitted to the bottom of the wing. These also caused a 
good deal of drag in the retracted position and were felt 
by Johnson to be of little value, so they too were fixed 
shut and sealed up. 


Performance and Handling: The performance testing 
on this aircraft has been extensive and has included both 
wing profile drag determination by wake traverse and 
overall performance measurement by the rate of descent 
method. The overall effect of the “cleaning up” treat- 
ment, which both sealed all the leaks and produced an 
aerodynamically smooth surface, was to increase the 
maximum glide ratio from 30-3 to 40-5 (Fig. 8) and to 
reduce the profile drag of the clean (i.e. not behind the 
aileron) wing to a value very close to the low turbulence 
tunnel value for the section concerned (Fig. 9). 

Stability and control and general handling have not 
been reported on. It would be useful to have results 
from a standard set of handling tests such as established 
by the D.V.L.'” or contained in the British Airworthi- 
ness Requirements, Section E. 

Comparative performance curves in Fig. 8 show that 
the R.J.5 in its final condition probably exceeds the per- 
formance of the D.30 over the whole speed range. It 
must be remarked, however, that the final curve for the 
R.J.5 was calculated by Raspet from glide tests in a 
less clean condition corrected to the final state using 
results from wake traverse tests after further smoothing. 
The results are therefore probably less reliable than 
those for the D.30. 


4. B.G.A. Two-seater 


History: In 1946-7 the British Gliding Association 
organised a design competition for a high performance 
two-seater. There were thirty entrants and the winner 
was selected by a judging committee appointed by the 
Association. First prize was awarded to Hugh Kendal. 
Shenstone has described the six “placed” designs and 
several others having features of interest'*’. 

Financial backing was obtained’ in 1950 by the 
B.G.A. from the Treasury and the Kemsley Flying Trust 
which enabled plans to be made for building two proto- 
types. By this time, Kendal had put in further work on 
his design and tried out some ideas on the Wanderlust 
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Ficure. 5. R.J.5. 


(a small single-seat sailplane which he used for experi- 
mental work). This led to a Mk. II design (Mk. I was 
described by Shenstone) which became the basis for the 
final design work. Certain aerodynamic and structural 
changes were made to take advantage of recently avail- 
able knowledge on N.A.C.A. 6 series aerofoils and 
developments at R.A.E. in structural plastics. The 
Miles Company at Redhill were given a contract to 
build the prototypes with design supervision by Kendal. 


Description: It was decided to build the wing struc- 
ture from “ Durestos,” an asbestos-thermosetting plastic 
material. J. E. Gordon’? has described the fabrication 
of structures from Durestos, using a vacuum moulding 


technique developed at R.A.E.; the product has the. 


advantage of providing an aerodynamically smooth and 
accurate surface with relatively small labour, once the 
master mould has been made. Although the R.A.E. 
had done a great deal of pioneer work on this type of 
construction, the application to a sailplane presented 


many new problems and the decision to try the method 
was a bold one. At the time of writing, a complete wing 
has not yet been produced and a wooden wing is being 
built for the prototype to get it flying. Four test wings 
are meanwhile being built in plastic for structural tests. 
It was hoped that plastic construction would, when 
developed, lend itself to a cheap production run. 

The wing is a lobster shell construction of double 
Durestos skins interleaved with “ Dufalite” honeycomb 
to give stability. A few widely spaced ribs to preserve 
the section under load and a trailing edge closing mem- 
ber complete the structure. Wing root fittings are made 
by inserting high tensile steel “spades” between the 
Durestos felts before curing. The curing process bonds 
the fittings to the shell and appropriate local building-up 
of the felt thickness disperses the concentrated loads at 
the pick-up points into the shell. Ailerons are made 
from resinated fibre glass with a foamed filling. 


Aerodynamic features: As in the R.J.5, N.A.C.A. 6 


Ficure 6. R.J.5 Sailplane. 


\ 


serie: 
choi 
brief 
type 
perfc 
f 
full 
tabs 
to t 
arra 
sim) 
clea 
It a 
tail 
anc 
as | 


Cc 


ae 469 VOL. 58 JOURNAL OF THE ROYAL AERONAUTICAL SOCIETY JULY 1954 & K. G. 
<a“ | 
r) fy 
| | — 
| 
| 
. 
= 
if wh 
the 
ing 
pel 
de: 


kK. G. WILKINSON 


PROGRESS IN SAILPLANE DESIGN = 461 


FiGurE 7. B.G.A. two-seater. 
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series aerofoils have been used. The reasons for this 
choice are discussed in the second part of the paper; 
briefly, the combination of smooth surface finish and 
type of section is thought to give the highest attainable 
performance. 

Ailerons are of narrow chord and extend over the 
full span. 

The tail surfaces are all moving, with anti-balance 
tabs to give stick-free stability and satisfactory “feel” 
to the controls at the low air speeds involved. This 
arrangement is convenient operationally because it 
simplifies packing and transport and because good tail 
clearance is provided for operation into rough fields. 
It also simplifies construction and provides a low drag 
tail unit with good control power. Estimated perform- 
ance, assuming that the laminar flow sections perform 
as well as they do on the R.J.5S, is shown in Fig. 8. 


Comments on Design Progress 

In terms of proved progress, the important advance 
which can be demonstrated in the designs compared is 
the superior aerodynamic form of the R.J.5 wing, lead- 
ing to a higher proportion of laminar flow and better 
performance for given dimensions. The same basic 
design trend is apparent in the B.G.A. 2-seater, although 
the results have not yet been proved in flight. It appears 
that this advance has more important results than the 
adoption of a tailless layout, which can only be justified 
if much improved performance is achieved. 

Lateral control design shows evidence of new think- 
ing along two different lines. The H.IV, for all its un- 
conventional layout, shows proportioning of lateral 
controls—the high tip chord ratio and high span ratio— 
which is typical of pre-war designs: the D.30 shows 
ailerons of smaller chord ratio but still covering half 


the span. In both cases aileron area is nearly 10 per 
cent. of the wing area. The R.J.5 has half this area 
ratio but approximately the same mean chord ratio as 
the D.30: the B.G.A. 2-seater, on the other hand, has 
nearly double the area ratio but a smaller chord ratio of 
mean value 19 per cent. Mean chord ratio is an im- 
portant parameter and the trend to smaller values, 
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particularly noticeable on the B.G.A. design, is good if a ee great it 
coupled with sufficient torsional stiffness of the wing: 3 two-! 
the D.30 was already anticipating this trend in 1936. A 0-018 | expect 
full evaluation of design merit calls for a more detailed \ | Lr The 
analysis, which is made in Part Two of the paper. ” reall | ratio li 
The aerodynamic design of the wings shows an 0-016 - A countr' 
interesting variety. The Horten wing has a special hg a | current 
longitudinal trim function which has led to employment eeaain 
of high twist: the D.30 has no aerodynamic washout ola oes | 5 con 
but an increase in incidence at mid semi-span to give amas 
elliptic load distribution, and more highly cambered / sane 
sections at the tip than the root to prevent early tip ote | (200 ft 
stalling. These features on the D.30 were radical | — limits 
departures from traditional pre-war design which a | CONDITION cruisin 
tended to have symmetrical tip sections with a high en optim 
| 
degree of wash-out (of the order of 10° of aerodynamic | ee ] | curren 
twist in many cases) to avoid early tip stalling. Both FILLED AND | | Jol 
the R.J.S and B.G.A. 2-seater follow the more rational / 7 up” ] 
design methods of the D.30 which was an advanced esas a | ions 
design in this respect also. LILTUNNEL TESTS | 
The tail surface design proposed for the B.G.A. two- | 
seater represents a useful development giving good 0-006 = te ee | to be 
control power, stick free stability and a number of useful | | opera 
practical advantages. No change from pre-war con- | | streng 
ventional design has occurred in the R.J.5, nor indeed 0-004— From 
in other post-war sailplanes of which the author is aware. e stay v 
Adequate dive brakes are a vital feature for high Ficure 9. Flight measurements of section drag N.A.C.A. of 25 
performance sailplanes but there has not been any 63,-615 on the R.J.5. sailplane. pees 
design development since the merits of the D.F.S. type ; (the 
were established: this type seems to meet all require- is natural, having seen such variety, to enquire whether dimb 
ments and now appears on most sailplanes. Oddly any objective assessment of merit can be made, and how ing si 
enough the D.30 has an apparently inferior upper sur- important is the influence on the overall effectiveness of } 
face spoiler, while the R.J.5 has no brakes at all. the machine. In the following discussion some im- me 
In comparing the four structural designs, it appears portant aspects of design for performance, stability and ‘ies 
that the D.30 presented the most difficult structural control are considered : traditional design and some of ek 
problem because of the high aspect ratio, thin wing and the new trends apparent in the R.J.5 and B.G.A. 2- effici 
variable dihedral. The resulting design not only solved seater are compared and an evaluation attempted. supp 
these problems but gave a very low structure weight ( 
(30 per cent. lower than average design''”); the H.IV Overall Performance ( 
and R.J.5 are both near to mean design in structure Since the raison d’etre of the sailplane is to perform ( 
weight while the unconventional B.G.A. design has well as a soaring machine it is appropriate to study 
not yet a sufficiently firmly established weight on which firstly the flight performance in terms of glide ratio and =|?! 
to comment. The new problem for the structural its relationship to results obtained in soaring conditions. | | 
designer since the war has been the provision of a- The basic gliding performance of the four designs dis- 
sufficiently accurate and smooth surface to support cussed has been referred to: of these sailplanes the D.30, 
laminar flow over the wings. The R.J.5’s metal wing Horten IV and R.J.5 may be compared directly because | => 
gave the required firm surface far enough back from the they were intended to do the same job. It seems thatthe | | 
leading edge, but needed a great deal of filling and R.J.5 has slightly bettered the D.30 performance and has r 
smoothing; the more radical solution attempted in the achieved this result with a more compact shape (11 ft. e | 
B.G.A. design should avoid this difficulty but even when less span). The importance of attention to detail zt 
the technical difficulties of manufacture are overcome, finishing of the wing is obvious, for, before this attention f | 
may prove expensive for small production runs. It is was given the R.J.5’s performance (Fig. 8) was slightly > 
quite possible that the best solution has yet to be found below average for a sailplane of its dimensions. ; F 
and may prove to be a wooden structure designed to The tailless H.IV does not compare very well with ¥ | 
meet the new requirement for surface finish, in addition the D.30 or R.J.5 at high speed but it has, as previously *| 
to the older strength and stiffness requirements which it remarked, good characteristics at low speed. Reference | 
has met successfully in the past. 10 discusses relative performance analytically and con- / 
cludes that the tailless configuration sacrifices rather | 
PART If—DISCUSSION OF AERODYNAMIC more in wing efficiency, through compromises resulting 4 
DESIGN from control function, than it gains from suppression of 
The four designs just considered have exhibited a fuselage and tail unit drag. 1 


variety of approaches to basic aerodynamic design. It 


The B.G.A. two-seater performance curve is not of 
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great interest as it has yet to be flight proved and, being 
4 two-seater, it is being considered out of its class. If 
expectations are realised, it will be an outstanding design. 

The value of good performance in terms of glide 


 satio lies in the ability it gives to cover distance across 


country after gaining height by the use of thermal up- 


currents. Reference 10 suggested a criterion of average 


cruising speed for a range of thermal strengths to give 
a compact statement of performance merit. It is 
assumed in working out this criterion that the climbing 
manoeuvre is performed with a standard radius of turn 
(200 ft.) which ensures the sailplane keeping within the 
limits of the average diameter thermal, and that the 
cruising speed between thermals is controlled at an 
optimum speed determined by the strength of the up- 
currents being encountered. 

Johnson’s record distance flight’) in the “cleaned 
up” R.J.S has been analysed in Ref. 6, where the 
thermal strengths encountered throughout the flight, 
inter-thermal speeds and wind strengths are set out. 
This information enables the achieved performance 
to be compared with the criterion (representing ideal 
operation) and the value of flying technique, thermal 
strength and aerodynamic cleanness to be estimated. 
From the description of the flight Johnson was able to 
stay up for 8-83 hours with a mean tailwind component 
of 25 m.p.h. and a pattern of thermal strengths repre- 
sented by the cumulative frequency diagram of Fig. 10 
(the strengths plotted were calculated from rates of 
climb recorded on the barograph, corrected for the sink- 
ing speed of the sailplane in circling flight). 

To illustrate the importance of a few of the funda- 
mental factors in a high performance flight, Johnson’s 
actual performance has been compared with the “ ideal ” 
and an efficiency factor determined; assuming the same 
efficiency the following variation in conditions has been 
supposed : — 

(a) Cruise control employed by Johnson 

(b) Flight between thermals at max. L/D ratio 

(c) Weaker thermal conditions. 
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PERCENTAGE OF OCCASIONS WHEN THERMAL ENCOUNTERED WAS LESS 
THAN GIVEN STRENGTH 
Figure 10. Distribution of thermal strengths encountered 
during soaring flights in U.S. and U.K. 


For each of these conditions the performance has 
been considered with: — 

(1) R.J.5 in the “cleaned up” condition 

(2) R.J.S in original condition 
as shown in Fig. 8. 


Johnson’s description of his flight shows that he 
controlled his inter-thermal speed very closely to the 
theoretical ideal and his achieved performance amounts 
to 92 per cent. of the ideal. Since the theoretical 
average speeds make no allowance for down currents at 
any time during the flight it is to be expected that some 
shortfall would occur. Condition (c) has been taken 
from barograph records returned by 8 pilots during the 
British Gliding Association Competitions in 1938, 
similarly corrected for sailplane sinking speed; the 
cumulative frequency curve for these data is given in 
Fig. 10 and probably represents typical English condi- 
tions. The R.J.5 in condition (2) had a rather poorer 
performance than the average sailplane of its size and 
shape''"’ but in condition (1) was appreciably better. 

Table II sets out the performance, in terms of 
distance covered over the ground, for the six cases. 
Thus 

(i) If his sailplane had only average performance, 
he would have covered 11 per cent. less distance 
(18 per cent. less in still air). 

(ii) Had his cruise control been “max. L/D” 
instead of optimum, he would have covered 16 
per cent. less distance. 

(iii) In the assumed weaker thermal conditions he 
would have covered 6 per cent. less distance. 

The effect of the sailplane’s performance on distance 
covered is therefore very appreciable and, as a percent- 
age, amounts to about two-thirds of the percentage 
improvement in glide ratio. It is even more important 
to achieve optimum operational technique. 

The value of aerodynamic shape and glide ratio 
performance can clearly have a decisive effect in 
competition flying, other things being equal, and the 
importance of the R.J.5 development lies in the appre- 
ciable advance in design for performance which it has 
made while keeping to convenient dimensions. For 
record breaking purposes a design of the dimensions of 
the D.30 could obviously be built with further perform- 
ance improvement, but at considerable cost. Experience 
gained with the R.J.5 has focused attention on the value 
of good wing and surface finish and good choice of 
section, for it is to these features that the high perform- 
ance of this sailplane is due. 


Choice of Wing Section 


When care of the kind taken with the R.J.5 is 
expended, it seems possible to equal the results obtained 
in a low turbulence wind tunnel and an examination of 
these results therefore becomes of value in determining 
the basic limitations of various types of wing section. 
The problem is less simple than for large fast aircraft 
because sailplane wings operate at Reynolds number 
and lift coefficients (C,) which make the phenomenon of 
laminar separation of primary importance in determin- 
ing suitability. Although theoretical studies have given 
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insight into boundary layer behaviour in these condi- 
tions, they are not powerful enough to enable a 
determination of the right shape and selection has to be 
made primarily on the basis of test results. There have 
been relatively little data until recently on which to base 
a selection". 

Briefly, the problem is to get low drag over the 
required working range of lift coefficient, which with 
high aspect ratio extends to high values (if flow break- 
down could be prevented a lift coefficient of around 2 
would be useful). Without boundary layer suction, 
however, it is difficult to retain the desired character- 
istics much above a lift coefficient of one. 

In the absence of a boundary layer separation 
problem, the optimum aerofoil would incorporate 
variable camber (by flap or otherwise) and a section 
with far back location of designed minimum pressure 
point. Satisfactory performance has been demonstrated 
in a wind tunnel at large Reynolds number with such a 
section designed to give a “roof top” pressure distribu- 
tion at high lift coefficient and fitted with a flap which, 
by negative deflection, could extend the low drag range 
to zero lift coefficient. At sailplane Reynolds numbers 
there is a limit to which high camber (high design lift 
coefficient) and far back design minimum pressure point 
(determining the potential laminar flow region) can be 
pursued. 

The farther back the minimum pressure point on the 
aerofoil moves, the more severe the pressure recovery 
has to be towards the trailing edge. It has been found 
that the laminar boundary layer separates (leaving 
approximately tangentially to surface) after a small 
pressure recovery, becomes unstable, suffers transition 
to turbulence and reattaches after a separation “bubble” 
if the local curvature and the size of the bubble are not 
too large. There is evidence that the R.N. of the 
“bubble” formed near leading edges is always about 
50,000 (Doenhoff’s hypothesis) so that for decreasing 
aerofoil R.N. the bubble gets relatively larger and 
predisposes to laminar separation, or, even if laminar 
separation does not occur, the thickness of the turbulent 
layer formed after reattachment becomes thicker and the 
drag becomes larger. As the design minimum pressure 
point moves aft, there is, therefore, a contest between 
the drag saving due to increased areas of laminar flow 
and the drag increase due to increasing thickness of 
turbulent layer, or the complete separation of the 
laminar layer. 

Figure 11 shows low turbulence wind tunnel (L.T.T.) 
test data for 15 per cent. thick 6 series aerofoils of design 
lift coefficient 0-4. This illustrates the effect of pro- 
gressive rearward movement of the design minimum 
pressure point at a Reynolds number appropriate to 
wing root conditions on the B.G.A. 2-seater at a given 
C,. Note that since climbing and gliding times are of 
the same order in thermal flying, drag increments at 
high lift coefficients (on climb) have a significant effect 
on overall performance, the more so since once the low 
drag is lost, the drag increase is rapid. 

The behaviour of 15 to 18 per cent. sections at design 
lift coefficient 0-6 are not available for the same range 
of minimum pressure points and Reynolds number, but 
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TABLE II 
| Distance covered in 8°83 hr. flight with 
25 m.p.h. tail wind (statute miles) 
Optimum Max.L/D Optimum 
Condition cruise cruise cruise 
control control control 
Strong Strong Weak 
thermal thermal thermal 
Original R.J.5 510 420 480 
“Cleaned up” R.J.5 7D 480 540 


extrapolation of test points suggests that the curves are 
of the same shape, but with the drag rise occurring as a 
lift coefficient about 0-2 higher. 

Taken by and large, a design minimum pressure 
location at 40 per cent. chord seems a good compromise 
—it loses at low lift coefficient compared with farther 
aft locations but retains its performance at high lift 
coefficient (best glide ratio and minimum sinking speed 
condition) in a markedly better fashion. 

Figure 12 compares the performance (on the basis 
of Low Turbulence Tunnel tests) of three types of 
section which have been, or will be, flown on sailplanes. 
Six series sections show better results than the older 
N.A.C.A. types over practically the whole range of lift 
coefficients—particularly in the case of 18 per cent. thick 
sections. Indeed the older type sections are unattractive 
at that thickness, whereas the new ones offer almost no 
disadvantage at 18 per cent. compared with, say, 15 per 
cent. thickness. Note that a 60 per cent. minimum 
pressure aerofoil will have suffered a catastrophic drag 
rise at a lift coefficient of 0-8 and give substantially 
worse results; the 6 series sections shown represent near 
optimum design lift coefficient and minimum pressure 
locations. The difficulty of getting tip sections to 
operate efficiently is illustrated by the upward slope of 
the profile drag curve with decreasing Reynolds number. 


| 


0-008 |} 


0°006 


0-004 


0-2 0-4 0-6 08 10 


Ficure 11. Influence of design minimum pressure point 
location on profile drag at sailplane flight Reynolds 
numbers (15 per cent. t/c design C,, 0°4). 
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FicurE 12. Effect of Reynolds number on the profile drag 
of several sections. 


Low or zero cambered tips are unable to approach even 
the performance shown for the 23012 sections and if 
used have to be combined with high aerodynamic twist 
to prevent tip stalling. This has a bad effect on high 
speed performance and introduces awkward stressing 
cases at high speed and at the negative points of the 
flight envelope. The sailplane designers’ habit of using 
symmetrical sections is inherited from the pre-war 
German school where the combination of symmetrical 
tip, high washout and high percentage chord aileron was 
found empirically to give satisfactory lateral control. 
This problem will be discussed later; it may be 
remarked here that the 64,—612 section has a much 
better performance at low Reynolds number and high 
lift coefficient than either 23012 or symmetrical sections. 

The wind tunnel evidence, therefore, gives some lead 
to the problem of section selection, but can this per- 
formance be reproduced in flight? Raspet has gone 
some way towards answering this question by wake 
traverses on the R.J.5 (Fig. 9). It seems that with rather 
More attention to profile accuracy and finish than is 
usual on a sailplane wing, the low turbulence tunnel 
results can be approached closely. Had tunnel test data 
been available for Reynolds number of 14 million, the 
agreement between flight and tunnel at high lift coeffi- 
cient would probably have been even better. 


Behaviour at the Stall 

It is important for a sailplane wing to be designed to 
give good control at the stall and freedom from vicious 
wing dropping. Good damping in roll has, therefore, to 


be retained up to the commencement of the stall. Pre- 
war Sailplane tradition was to use symmetrical tip 
sections with sufficient aerodynamic washout to avoid 
early tip stalling. Research programmes at R.A.E. and 
N.A.C.A. have, however, shown that, by choosing a 
section with flat topped lift coefficient—incidence 
characteristics and designing for the stalling incidence 
to be reached first locally in the inner third of the span, 
the desired characteristic can be ensured, provided the 
wing is not swept back. Fig. 13 gives data on a wing 
designed for the B.G.A. two-seater and shows the cal- 
culated lift distribution at the stall and also at lift 
coefficient for best glide ratio. Fig. 14 shows the 
corresponding section lift-incidence data taken from low 
turbulence tunnel tests at the appropriate Reynolds 
number. Two wings with similar plan form and twist 
have been investigated, using the same tip section 
(64,—612) but different root sections (64,—618 and 
66,—618). The section with the 60 per cent. design 
minimum pressure point gives better performance at 
high speed, but suffers from an early drag rise which is 
accompanied by a decrease in slope of the lift coeffi- 
cient-incidence curve (Fig. 14). The effect of this on 
span loading at the stall is marked and it will be seen 
that whereas the 64,—618 root section gives an ideal 
load distributed with 3° twist, the 66,—618 section 
results in a high local lift coefficient towards the tip, 
which is undesirable, and an increase in twist, probably 
to 6° would be required to give equally good results. 
This amount of twist is bad at high speed. 

The shape of the lift coefficient-incidence curves is 
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Ficure 13. Load grading at the stall for two wings for 
B.G.A, two-seater. 


= 
rith 
n 
4 
ref 
a 
re 
se 
r 
‘ q 
> 
| 
CHORO} 
IN. 
| 
| 
ae 


466 VOL. 58 JOURNAL OF THE ROYAL AERONAUTICAL SOCIETY JULY 1954 kK. C 
very satisfactory and indicates a gentle stall without for this and to ensure that rudder power is ample to deal 
sudden loss of lift. This type of stall is usually asso- with the initial adverse yaw. Sudden aileron rolls should 
ciated with flow separation spreading gradually forward also produce response in roll without unpleasantly large 
from the trailing edge. In the load grading curves it directional disturbance; this calls for adequate fin area } _ 
will be seen that the margin between local lift coefficient and ailerons giving low adverse yawing moments. 
and lift coefficient available towards the tip (64, —618 Ailerons can be given a variety of yawing moment} E 
root section) is sufficient to give reasonable lateral characteristics by the provision of Frise nose, geared 2 
control and freedom from wing dropping at the stall. spoilers or differential; wing twist also has a powerful .® 
It is also desirable to avoid (as in this case) reaching effect. Since the bulk of the adverse yawing moment + 
local stall incidence at the wing root itself, as this might with well designed ailerons originates from the distribu. 
make the flow at the intersection with the fuselage tion of induced drag during rolling acceleration, there is | jqboa 
unduly sensitive. merit in avoiding drag devices which not only provide ! sing 
The difference between the load grading for L/Dmax yaw during acceleration, but throughout the roll. A 
and the stall shows how important the effect of non- Approximate response calculations on the B.G.A.} then 
linear incidence curves can be in determining stall two-seater (Fig. 7) give the values shown in Table III plain 
characteristics. for initial yaw following abruptly applied full aileron at | parro 
The importance of a high value for available lift minimum sinking speed; taking two values for tail } for ¢ 
coefficient at the wing tip is obvious in designing for volume and the derivative n,. plane 
good stalling characteristics. It is also important in At high speed, the yaw is much less and does not } ratio 
enabling an aerodynamically efficient wing to be built have to be considered as a handling criterion. ailerc 
for max. L/D or minimum sinking speed conditions. A Systematic D.V.L. tests on a large number of sail- } tip, ¢ 
symmetrical tip with high twist is bad from this point of planes by a large number of pilots have led to the con- } circu 
view as it gives low tip loading and high effective aero- clusion that a value of 10° for initial yaw is acceptable | per f 
dynamic taper and induced drag. and 5° good, on general handling evaluation; test § locke 
It appears that modern methods of load grading conditions were as for the calculated results on the } case: 
analysis and tip section selection can lead both to B.G.A. two-seater. It may be concluded, therefore, that | both 
improved performance and behaviour at the stall, at the higher value of n, combined with differential ailerons | these 
the same time avoiding some of the structural problems and the 3° washout proposed for other reasons, could | -45 
associated with more traditional forms. The more be expected to give very satisfactory handling } spee 
highly cambered tips lead to greater upfloating tendency characteristics. defle 
of the ailerons and wing torsional stiffness problems; the So far as control performance is concerned, ailerons | Supe 
former will not be serious with small chord ratio have commonly been the most unsatisfactory control on } tone 
ailerons and the latter can be designed for. sailplanes, because they have given inadequate rate of | form 
roll and have tended to be disproportionately heavy. 
Design for Lateral Control Wing twist and control circuit stretch have had a lot to | Satis 
To be considered good, ailerons should be able to do with this and have produced some queer anomalies; I 
reverse a 45° banked turn at the flying speed for mini- it is likely that this explains the cases reported by | '8 at 
mum rate of sink in about 5 seconds, using rudder to Raspet, where better roll performance was obtained on | o th 
co-ordinate the turn. It is, therefore, advisable to design a Pratt-Read and a T.G.3A glider by locking the | lift 
prev 
5 | requ 
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FiGurE 14. C, versus incidence data for four 
| points on B.G.A. two-seater wing at stall , 
| Reynolds number showing effect of root 
section change. 
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TABLE 


EFFECT OF AILERON AND 11, ON YAW DUE TO 
AILERON APPLICATION 


Aileron* n,=0°0175 n,=0:040- 
Equal deflection 28° 2° 
2:1 Differential Dae 10° 
Differential and 3° Wing Twist 16° 7 ie 


* 40° total deflection and plain sealed aileron in all cases 


inboard half of the aileron in the neutral position and 
using only the outer half of the original area for control. 

A general investigation by N.A.C.A. has shown that 
the maximum rolling power for a given stick force with 
plain ailerons is obtained by using a large span ratio and 
narrow chord. A comparison has therefore been made 
for the B.G.A. two-seater between conventional sail- 
plane ailerons (50 per cent. span ratio, 50 per cent. chord 
ratio at the wing tip, constant chord) and narrow chord 
ailerons (full span, 25 per cent. chord ratio at the wing 
tip, constant chord). A typically low value for aileron 
circuit stiffness has been assumed, the stick deflection 
per pound of force at the top of the stick, with aileron 
locked at the wing, being taken at 10 lb./inch in both 
cases; aileron reversal has been assumed at 140 m.p.h. in 
both cases. Fig. 15 shows the roll performance with 
these two ailerons in terms of time to roll +45° to 
-45°, with co-ordinated rudder, at various flight 
speeds. Curves are given for the cases of full stick 
deflection and a maximum of 10 Ib. stick force. The 
superiority of the longer narrow aileron over conven- 
tional design is evident; further, their calculated per- 
formance comes well inside the criterion value of 5 
seconds for reversal of a 45° bank, indicating very 
satisfactory lateral manoeuvrability. 

In assessing sailplane ailerons in this manner there 
isan element of uncertainty due to the unknown effect 


_ of the low Reynolds number on flap hinge moments and 


lift increments. This is minimised if the margin 
previously discussed is left between available and 
required lift coefficient at the wing tip. 

The results so far discussed have been with non- 
Differential can be used as a device 
for giving a measure of aileron balance. Fig. 16 (which 
will be discussed more fully later) shows the effect of 
two possible differential systems on stick forces at 
minimum sinking speed conditions. With this degree of 
differential (which is desirable to reduce aileron yaw) 


' stick forces are quite light enough and it is unnecessary 


to employ set back hinges or Frise nose ailerons to get 
any higher degree of balance; these types of balance are 
undesirable on a sailplane because they prevent satis- 
factory sealing and give an unacceptable drag increment. 

It may be concluded that the aerodynamic design of 
ailerons does not present a serious problem with the 
recommended types of wing section (which give small 
trailing edge angles) if low chord ratios and differential 
gearing are used. Steps have still to be taken to ensure 
adequate circuit stiffness and freedom from friction. 
Again, a significant departure from conventional design 
IS suggested by analysis in the light of more recent 
knowledge. 
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Ficure 15. Effect of aileron plan form on rolling performance 
(equal aileron area, +20° deflection range in both cases). 


Lateral Stability 


It is desirable to have good damping of the lateral 
oscillatory mode. This is fairly easy to ensure by 
providing sufficient fin area in relation to dihedral but 
Table IV shows that it has not always been done. 

German development has been in the direction of 
providing increased n,, leading to sailplanes with such 
excellent characteristics as the Olympia. Since negli- 
gible performance sacrifice is involved it appears sound 
design practice and n, numerically at least half /, seems 
advisable. 

On tailless aircraft, design for oscillatory damping 
may be a problem. On the H.IV the lateral oscillation 
is virtually undamped at high forward speed (57 sec. to 
half amplitude at C; =0-2) but due to a 20-fold increase 
in n, at C.=1-0 the damping is good in this condition. 

On conventional layouts, the use of high chord ratio 
rudder, with large negative values of b, can produce a 
strong tendency for the rudder to trail in a sideslip. The 
movement allowed by stretch and slack in the control 
circuit can then appreciably reduce the effective value of 
n, and hence the effectiveness of an apparently adequate 
tail area. This in turn may lead to inadequate oscilla- 
tory damping. On the B.G.A. 2-seater, the dual purpose 
tail surfaces have been designed with virtually zero b, 
but fairly large (and adjustable) 5b,, which should 
eliminate this trouble without spoiling the feel of the 
control. 

Spiral stability in a conventional sailplane depends 
virtually on keeping /, >/,, since n, tends to be slightly 
larger than n,. With fixed controls it is almost impos- 
sible to provide spiral stability because of the large size 
of |, (<C,/4 for elliptical load distribution). The 


helpful effect due to incidence distribution over the span 
in a descending spiral is too small to assist appreciably. 
In fact, ailerons are not fixed and this can modify results 
profoundly. 


Consider again the B.G.A. 2-seater 
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TABLE IV 


EFFECT OF n, AND je ON LATERAL STABILITY AND HANDLING, 
FROM FLIGHT EVALUATIONS 


B.G.A 
Type 2-str. |Olympia Weihe Bussard Kranich| Mii 13 
—l,  C,=0 0-087 | 0:079 | 0-048 | 0-067; 0-082 
C,=1 |0:078) 0-078 | 0-069 | 0-038 | 0-083) 0-074 
n,  C,,=0 |0-040] 0-052 | 0-033 | 0-022 | 0-028 0-021 
C,=1 0-033 
Marked 
adverse 
Lateral stability = ied Head oscilla- Good | yaw in 
and handling tory 
damping 
rolls 


ailerons, assuming them for the moment to be friction- 
less. The trailing angle they will take up if the stick 
is free will be influenced by the change of speed from 
tip to tip in a turn, on the value of b, (upfloat tendency) 
for the ailerons and on the exact nature of the differen- 
tial gearing. The trailing angle, if not neutral, will 
produce an apparent change in /,, due to freeing the 
stick; indeed, as Table V shows, a very small change in 
angle will alter /, considerably. 

For the pilots’ point of view a more apparent index 
of satisfactory spiral behaviour is the stick force in a 
steady 30° banked turn. This manoeuvre should be 
performed, ideally, with zero aileron force and rudder 
to hold the turn or with rudder and aileron both in a 
sense to hold the turn. 

Calculation for the B.G.A. 2-seater is shown in 
Table VI. 

For all practical purposes the differential gearing 
gives the desired result. Control friction would mask 
the residual force of 0-1 Ib., whereas the force of 0-7 Ib. 
associated with symmetrical gearing, would undoubtedly 
be noticed and be rather irritating. Although detail 
design for spiral stability has not been usual in the past, 
the desired results have on occasions been achieved by 
accident. It seems worth while to pay some attention to 
this aspect of design, since the circling manoeuvre 
figures so largely in the function of a sailplane. Oscil- 
latory stability is easy to obtain and there is no excuse 
nowadays for any deficiency in this respect. 


Longitudinal Control and Stability * “ 

This aspect of the aerodynamic design of a sailplane 
is straightforward and should present no problems, since 
there is no slipstream to complicate matters and very 
little change in configuration throughout the flight. The 
most common fault has probably been the absence of 
stick free stability—which is not serious but unnecessary 


TABLE V 
INFLUENCE OF STICK FREE AILERON CHARACTERISTICS ON SPIRAL 
STABILITY 
Condition Spiral Stability 
Stick fixed 0:20 Unstable 
Symmetrical gearing—stick 
free 0-12 Neutral 
Differential gearing No. 2 
(Fig. 16)—stick free 0:09 Stable 


TABLE VI 
AILERON STICK FORCES IN A 30° CORRECTLY BANKED TURN 


Stick force 


0:7 lb. holding off bank 
0-1 Ib. 


Ailerons 


Symmetrical gearing 
Differential gearing No. 2 


and irritating. The fondness for high chord ratio con. 
trols previously noted is responsible for accentuating 
this tendency, already present in plain unbalanced 
elevators. 

A number of conventional solutions to this problem 
are available. 
B.G.A. two-seater is worth mentioning, however, be- 
cause this offers a number of other advantages when 
used on a Sailplane. The proposal is an all-moving 
V-tail performing rudder and elevator function. This 
has the advantages of simplicity, low drag and _ high 
control power, but in the past examples of all-moving 
tails have failed to give adequate stick free stability or 
manoeuvring stick loads. To overcome this, an un- 
balancing tab is used, producing a large (but adjustable) 
negative b,, the control surface being pivoted near to 
its aerodynamic centre to give zero (or slightly positive) 
b, and thus no change (or slight stabilisation) on freeing 
the stick. 

There are certain practical operating advantages 
with a V-tail. The dismantled sailplane is very compact 
and the tail clearance is good for landing in long grass 
and bushes. 
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FicurRE 17. V-tail loading on B.G.A, two-seater during rolling 
manceuvres at extreme C.G. positions, showing effect of tail 
volume. 


When designing dual purpose tail surfaces for a sail- 
plane it is necessary to ensure that they are adequate 
for the dual task. Lateral manoeuvres, particularly 
aileron application at high lift coefficient, can produce 
high side loads on the tail and the combination of this 
and vertical balancing load on the tail over the design 
c.g. range can design the tail volume. This problem is 
particularly significant for a sailplane where the 
span/tail arm ratio is usually large. Fig. 17 illustrates 
this point and suggests that for the B.G.A. two-seater 
the larger tail volume (giving n,=0-040) and differential 
ailerons with 3° washout are necessary to provide the 
desired c.g. travel (determined by a requirement to fly 
with either one or two crew without ballast) and at the 
same time to keep within the loading limits of the tail 
surfaces. 

Thus, for longitudinal stability and control, as for 
directional control, the need for attention to the stick 
free case seems to be suggested by a study of past 
designs. The B.G.A. two-seater offers an interesting 
development which promises to take care of this point 
and to offer other practical advantages. 


Conclusions 
The discussion of aerodynamic design has shown 
a number of ways in which modern designs could excel 
the best pre-war types in comparable classes. 
Performance is of great importance in competitive 
flying and can be improved only by aerodynamic refine- 
ment. Recent developments in wing section design and 


experience in flight have shown that we can appreciably 
improve on conventional design by choosing the right 
section and paying attention to wing surface finish. 

Choice of wing section and attention to load grading 
at the stall, taking account of non-linearity of lift- 
incidence curves near the stall, can lead to improved 
stalling characteristics and lateral control near the stall. 
The traditional extreme washout in a sailplane wing can 
also be avoided by proper design on this basis. 

The development of ailerons giving improved rolling 
performance, with lighter stick forces and lower adverse 
yaw, seems possible. Together with attention to fin 
areas, this should ensure satisfactory handling in rolling 
manoeuvres, which was often not present in pre-war 
designs. 

Handling qualities in circling manoeuvres, which 
have frequently been poor in the past, seem susceptible 
to estimation in the design stage. A suitable choice of 
dihedral and design of aileron should lead to better 
control of characteristics. 

Traditional tail surface design can be improved to 
avoid loss of stability in yaw and pitch on freeing the 
controls. This would improve the pleasantness of 
handling and the comfort of the pilot. 

The total effect of these changes would be to pro- 
duce an aircraft of appreciably higher performance, 
which would be easier and more pleasant to fly and 
more highly manoeuvrable in the critical slow speed 
flight condition, compared with the average pre-war 
sailplane. 
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The Performance Testing of the Slingsby Sky 


K. E. MACHIN, M.A., Ph.D. 


SUMMARY:—An experimental determination of the relation between the rate of sink of a sailplane and its air speed is of 
interest both to the designer and to the pilot. This paper describes tests made to establish this relation for the Slingsby Sky. 
During the tests, the aircraft was flown in a series of “ partial glides” at constant speed, while a camera looking over the 
pilot's shoulder photographed the altimeter and A.S.I., together with a slip indicator and a clock. From an analysis of the 
photographic recordings, the mean air speed and the rate of sink during each partial glide can be determined; a large 
number of such results enables the relation between air speed and rate of sink to be established. The final results show 
that a considerable improvement in high-speed performance can be achieved if the aircraft is fitted with a long skid instead 
of the short skid and large fixed landing wheel; the superiority of the Sky over the Weihe for competition work is 
demonstrated. Sources of error in the results are discussed; it is shown that the accuracy with which the rate of sink may 
be determined is limited by the presence of vertical air movements. Possible future trends in performance testing 
technique are discussed. 


1. Introduction 
1.1. THE NEED FOR PERFORMANCE TESTS 

In the early days of gliding and soaring, the 
“ performance ” of a sailplane was adequately described 
by its minimum sinking speed. Nowadays, when the 
distance flown by a sailplane pilot is frequently limited 
by the duration of suitable soaring conditions, and the 
emphasis in competitions falls more and more on races, 
the characteristics of the sailplane at high speeds become 
extremely important. The soaring pilot requires a sail- 
plane with not only a low minimum rate of sink, so that 
he may make the best use of weak thermal up-currents, 
but also with good “ penetration,” i.e. the ability to travel 
at high speeds without excessive steepening of the glide. 

To choose the optimum air speed for a given set of 
conditions”, he will also need detailed knowledge of the 
variation of the rate of sink with air speed, or the “ polar 
curve of his sailplane. Although this variation can 
be calculated with a fair degree of accuracy by the 
designer, it is desirable to obtain experimental confirma- 
tion of the theory, both as a help in future design and 
also, to provide the pilot with the best possible 
information on which to base his flying technique. It is 
the purpose of this paper to describe tests made by the 
British Gliding Association No. 2 Test Group (Cam- 
bridge University Gliding Club) to establish the 
experimental polar curve of the Slingsby Sky. 


1.2. THE METHOD USED FOR THE TESTS 


All performance tests in this country up to the 
present have used the following method. The sail- 
plane is aero-towed to between 5,000 and 7,000 ft., and 
after release is flown in a series of steady glides at 
various speeds. The pilot takes readings of the altimeter 
and a stop-watch at intervals of 100 or 200 ft.; from 
these results a height-time graph may be plotted whose 
gradient gives the rate of sink of the sailplane at the 
appropriate speed. 

It was apparent at the outset of the present tests that 
this method suffered from the great disadvantage that 


*Although this use of the term “polar curve” does not 
exactly correspond with that which is usual in aerodynamics, 
it is used by glider pilots. and throughout this paper. 

Originally received August 1953. 


the recording of a sufficiently large amount of flight 
data and the flying of the aircraft to a high degree of 
accuracy were mutually incompatible, particularly at 
high speeds. 

For these reasons it was decided in the tests of 
the Sky to use automatic photographic recording of the 
instrument readings. The pilot’s whole attention could 
thus be concentrated on accurate flying; the degree of 
accuracy could also be verified later. Furthermore, a 
large number of points could be obtained for the height- 
time graph, thus giving an accurate value of the rate of 
sink and a good estimate of its standard error. 


2. Description of the Aircraft 

The Slingsby Sky (Fig. 1) is a high-performance 
single-seat sailplane with a cantilever wing construction. 
The wing span is 18-0 metres and the aspect ratio is 
18-3. 

During the tests, the two windows in the moulded 
Perspex cockpit cover remained closed. The gaps at 
control surface hinges were not sealed; the aircraft was 
not specially polished, although surface dirt was 
removed before each flight. 

Two series of tests were made, with two different 
undercarriage arrangements. For the first series (which 
will be called “Stage 1”) the Sky was fitted with a 
short skid and a large fixed landing wheel. For the 
second series (“Stage 2”), the aircraft was modified by 
the manufacturers, the wheel being removed and the 
skid extended. 


3. Instrumentation 
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It was not possible, for reasons of space and weight, — 


to fit the usual type of “automatic observer,” using a 
duplicate set of instruments with artificial lighting, 
which could be photographed under controlled condi- 
tions by a large camera“®. It was necessary instead to 
photograph the pilot’s instruments by the daylight 
coming through the cockpit cover. A 16 mm. gun- 
camera, extensively modified, was used. The installation 
of this camera in a single-seater sailplane presented some 
difficulties, as even in the relatively roomy cockpit of 
the Sky there is little waste space. The camera was 
finally mounted on the rear of the cockpit cover, looking 
obliquely over the pilot’s shoulder at the instrument 
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Figure 1. The Slingsby Sky Sailplane. 


panel. A special control unit allowed a series of single 
photographs to be taken at a pre-determined interval 
variable between 5 and 30 seconds. The power was 
provided by a 12 volt nickel-iron accumulator. The 
whole recording installation (camera, control unit, 
battery, mountings and wiring) weighed 24 Ib. 
The camera photographed the following instruments 
(Fig. 2): — 
Air speed Indicator, fed from conventional pitot- 
static head, 
Sensitive Altimeter, 
Clock, with sweep-seconds hand, 
Slip indicator, sensitive bubble type, 5°-0-5°. 
The altimeter and A.S.I. were calibrated before each 
flight. During tests, the instrument panel was vibrated 
by a motor with an out-of-balance weight, to eliminate 
stiction in the instrument mechanisms. 


4. Position Error 


Before the main series of tests was begun, it was 
necessary to measure the position error of the pitot-static 
head. A Suspended Static Head Mk. V was used and 
a series of preliminary tests was made to determine the 
length of tube necessary to avoid disturbance by 
the aircraft of the static pressure near the Suspended 
Static. It was found that for tube lengths below 30 ft. 
the observed Position Error Correction varied steadily 
with tube length, but that when the head was suspended 
from 40 ft. or more of tubing, no such variation occurred. 
It was concluded that at 40 ft. below the aircraft the 


FIGURE 2. 
Typical 
instrument 
panel 
photograph. 


static pressure had its true value; a tube length of 50 ft. 
was used in the tests. 

Two A.S.I.s were fitted for the position error tests. 
The main A.S.I. had its “ pressure ” side connected to the 
pitot-head; a two-way cock allowed the “static” side to 
be connected either to the aircraft’s static head or to the 
Suspended Static Head. A subsidiary A.S.I. was used 
to maintain constancy of air speed during the change- 
over. By using this method, the Position Error is 
derived entirely from the readings of one A.S.I. In the 
more usual method using two A.S.I.s, with one connected 
to each type of static head, the results obtained are 
critically dependent on the accuracy of relative calibra- 
tion of the two instruments. 

The results are shown in Fig. 3; the Position Error 
Correction (P.E.C.) is defined as 

(A.S.I. reading with Suspended Static)-(A.S.I. 
reading with aircraft’s static). 

The points shown as crosses refer to checks of the 
P.E.C. made during Stage 2: no significant change was 
found. 


5. Method of Testing 


Tests were made either on days when the lapse-rate 
was isothermal or near-isothermal, or in the early morn- 
ing before atmospheric convection had started. By 
these means it was hoped to avoid errors in the measured 
rates of sink due to vertical movements of the air. 

Before take-off the altimeter was set to 1,013 mb. and 
enough ballast was provided to bring the pilot’s weight 
to the standard value of 200 lb., corresponding to an 
all-up weight of 805 lb. The aircraft was towed to 
6-9,000 ft. behind a Tiger Moth; atmospheric tempera- 
ture readings were taken on tow. After release, the 
aircraft was trimmed to fly to within 1-2 knots of a 
given air speed (the exact speed could later be read from 
the writs arr any side-slip corrected, and the camera 
switched on, When a suitable height range had been 
covered, the camera was switched off and the aircraft 
positioned for the next test. The height range and the 
interval between photographs varied with the air speed 
at which the test was made; for instance, at 35 knots a 
height range of 400 ft. and a camera interval of 25 sec. 
were used, while at 90 knots the corresponding figures 
were 1,200 ft. and 5 sec. 

The pilot reported any “ bumps” observed. 
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6. Reduction of the Results 

From each photograph (Fig. 2) readings of the 
altimeter, A.S.1., clock and slip indicator were obtained, 
the film being projected in a suitable viewer. The mean 
value of the A.S.I. readings for each “ partial glide.” 
corrected for instrument error and position error, gave 
Veas, the Equivalent Air Speed. A height-time graph 
was plotted for each partial glide; after correction for 
instrument error, the slope of this graph gave S,, the 
“ Altimeter Rate of Sink.” This could then be corrected 
to standard sea-level conditions, giving the Equivalent 
Rate of Sink, S,: 

(T/T) 
where o, and 7, are the relative density and temperature 
of the I.C.A.N. Standard Atmosphere at the height of the 
test and T is the actual temperature at that height. 

The two values (Vy,s, S,) form the co-ordinates of 
one experimental point on the final polar curve. 

An estimate of the standard error of both Vy, and 
S, can be obtained as follows: 

The value of Vyss represents the mean of all the 
A.S.I. readings (suitably corrected) during a partial glide. 
The deviations of the individual readings from this mean 
can be calculated, and from these the standard error of 
Vias is immediately obtained by the normal techniques 
of statistics. In an analogous way, the deviations from 
the mean straight line of the individual points on the 
height-time graph can be used to obtain a value for the 
standard error of S,. 

These standard errors describe the random errors 
inherent in the method of testing; these include devia- 
tions from accurate flying, small-scale atmospheric 
turbulence, rounding-off errors in reading instruments, 
and so on. They give no estimate of the systematic 
errors, which may arise if the tests are done in a large 
mass of rising air, or if the aircraft is flown with constant 
sideslip. 

It was found that the deviations of the experimental 
points from the mean polar curve were in general very 
much larger than the standard errors calculated by the 
foregoing method. These deviations are attributed to 
systematic errors due to vertical air movements (see 
Section 8); the mean deviation corresponded to about 
0-4 ft./sec. in rate of sink. This “ residual error,” which 


cannot be reduced by any improvements in flying or 
observational technique, provided a standard against 
which the random experimental errors could be com. 
pared, in order to assess the reliability of a given 
experimental point. The experimental points could thus 
be “weighted” in such a way that a point whose error 
was almost entirely due to the “residual error” was 
given unit weight; one in which residual error and 
random experimental error contributed equally was 
given a weight of 4, and so on. 

The final data from which the polar curve was to be 
drawn consisted of between 50 and 100 experimental 
points, to each of which was assigned a weight. These 
points were then reduced to fourteen by taking the 
weighted centre of gravity of the points within each § 
knot interval, and a smooth curve drawn through these 
5-knot means. 

Once again, the scatter of the experimental points 
from the mean polar curve enabled the standard error of 
the curve to be calculated. For fuller details of the 
statistical techniques used, reference should be made 
to the original report on the tests“. 


7. Results 

Figure 4 shows the polar curves obtained during 
Stages 1 and 2 of the tests, together with “error limits” 
drawn at twice the standard error on either side of the 
curves. 

From these curves the results in Table I are obtained. 

It must be emphasised that these results at low speeds 
show no significant difference in the performance 
between Stage 1 and Stage 2. 

A graph is given in Fig. 5 of Cp against C,? for the 
two stages; from the high-speed portion of this we have 


Stage 1 Stage 2 
0-0171 + 0-0002 0-0156:+ 0-0002 
0-89 + 0-09 


Coz 
Efficiency factor 


Here Cp, is the drag coefficient at zero lift, and the 
efficiency factor is given by e in the expression 


1 
me x Aspect ratio” 


slope of Cp vs. Cy? = 


8. Discussion 
8.1. THE PERFORMANCE OF THE SKY 
The slow-speed performance of the Sky is substan- 


tially independent of the undercarriage arrangement. | 
The small difference in the minimum rate of sink shown — 


in Fig. 4 is well within the experimental error; the results 


TABLE I 
Stage 1 Stage 2 
Minimum rate of sink 
(ft. / sec.) 2:05 + 0-15 2:28 + 0:10 

at E.A.S. (knots) 33 34 

=1.A.S. (knots) 32:5 
Best gliding angle, in +2 26°5 + 1:5 

at E.A.S. (knots) 36 38 

=I1.A:S. (knots) 34 36 
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for the two stages of the tests may therefore be com- 
bined, giving a minimum rate of sink of 2°16+0-08 
ft./sec. The high-speed performance, however, is signi- 
ficantly worse when the aircraft is fitted with a wheel; 
the drag coefficient at zero lift for Stage 1 is about 10 
per cent. higher than that for Stage 2. Such a reduction 
in “penetration” is a heavy price to pay for the 
increased convenience in ground handling resulting from 
the fitting of a wheel. 

The theoretical speed for which the rate of sink is a 
minimum, as calculated from the values of Cp, and e 
given in Section 7, is 27 knots, while the observed speed 
for minimum sink is 33 knots. This indicates that the 
minimum rate of sink is limited by the onset of the stall; 
it will be seen from Fig. 4 that this occurs quite suddenly. 
This effect is by no means peculiar to the Sky, although 
with some other sailplanes the breakaway is more 
gradual, giving a smoother “hump” in the polar curve. 

It is of interest to compare the performance of the 
Sky with that of the Weihe, which up to a few years ago 
was the high performance sailplane most favoured for 
competition flying. The minimum rate of sink of the 
Sky is about 0-2 ft./sec. worse than that of the Weihe. 
The Sky with a wheel has a polar curve which at the 
higher speeds is almost identical with that of the Weihe. 
However, when fitted only with a skid, the Sky is 
definitely superior to the Weihe at all speeds above 
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40 knots; for example, at 70 knots the rates of sink of 
the Sky and Weihe are 7:6 ft./sec. and 8-9 ft./sec. 
respectively. For serious competition flying where high- 
speed performance is much more important than the 
minimum rate of sink, the Sky without a wheel will have 
a marked advantage over the Weihe. When its strength, 
comfort and handling qualities (which are outside the 
scope of this paper) are also considered, it is apparent 
that the Sky is an extremely good competition aircraft. 
8.2. SOURCES OF ERROR 
There are various possible sources of error in the 
results; an assessment of the relative importance of these 
has been attempted. 

It has already been noted (Section 6) that errors of 
the experimental points forming the polar curve may be 
divided into two categories: (a) random experimental 
errors, whose magnitude may be determined from the 
flight data; (b) “residual errors” which are not deter- 
minable from the experimental data. These two sources 
of error seem to be unrelated, as a correlation analysis 
has shown no significant association between the 
standard error of an experimental point and its deviation 
from the mean polar curve. Errors of type (a) may 
reasonably be explained as the effects of fluctuations of 
air speed during partial glides, small-scale atmospheric 
turbulence and random inaccuracies in the reading of 
flight instruments. Errors of type (5) are more 
systematic in nature and might be caused by 

(i) sideslipping, 

(ii) mass vertical air movements over an area 
similar to that of an anticyclone or depression, 
due to the air flow into or out of such a system, 

(iii) vertical air movements with a horizontal scale 

of a few miles. 

These sources of error will be discussed in turn. 
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(i) Sideslipping 
If during a test the aircraft is flown with sideslip, the 
observed rate of sink will be greater than the true value; 
it was, however, shown by a separate series of tests in 
which the aircraft was deliberately flown with sideslip 
that the errors from this cause are negligible. Further- 
more, correlation analysis shows no significant relation 
between the mean degree of sideslip during a test and 
the deviation of the resulting experimental point from 
the mean curve. 
(ii) Large-scale air movements 
Dr. R. C. Sutcliffe, of the Meteorological Office, has 
calculated the vertical air movements which occurred on 
the days when tests were made; this involved the calcu- 
lation of the mass of air entering or leaving a large area 
due to convergence or divergence of the air flow. His 
results show a maximum rate of vertical air movement 
of the order of 0-03 ft./sec., which is very much smaller 
than the residual error observed (about 0-4 ft./sec.). 
Furthermore, if large-scale air movements were 
responsible for the residual error, there would be a 
correlation between the deviations of all experimental 
points obtained on the same day. No such correlation 
is found. 


Medium-scale air movements 


If vertical air movements occur with a horizontal 
scale of a few miles, apparently random deviations of 
the experimental points could be produced. Dr. R. S. 
Scorer has suggested that such movements could be due 
to lee waves generated at distant ground irregularities. 
“Lift” of about 3-4 ft./sec. has been reported several 
times in the sixth lee wave, 30 miles from ridges about 
1,500 ft. high; Dr. Scorer points out that “lift” and “sink” 
of the amount observed (of the order of 0-4 ft./sec.) 
might be expected on most days anywhere in England. 

In a few of the tests the height-time graphs show a 
discontinuous change of slope during the partial glide: 
it was sometimes possible to associate the discontinuity 
with a “bump” reported by the pilot. The effect has 
been observed on days when the atmosphere was highly 
stable and also, on days when it was barely stable; it 
often occurred in otherwise completely calm air and 
when the sky was quite cloudless. It is tempting to 
associate the sudden change of slope of the height-time 
graph with the flying of the sailplane through a fairly 
well-defined boundary (which may be as much as } mile 


(iit) 


in extent) between two regions of air, homogeneous with- _ 


in themselves, but moving with different vertical speeds. 
8.3. FUTURE TRENDS IN METHODS OF PERFORMANCE 
TESTING 


Bearing in mind the discussion of Section 8.2, 
possible future developments in the technique of per- 
formance testing may be considered. It is hoped, for 
instance, to construct an expanded-scale barograph on 
which height-time graphs are plotted directly, together 
with a record of air speed. However, all such improve- 
ments are primarily only for convenience, as the presence 


of “residual error” sets the eventual limit to the 
accuracy attainable. It will still be necessary to obtain a 
large number of experimental points (at least 50) on 
different days, so that the “ residual error’ may average 
out and the final polar curve therefore have a reasonable 
degree of accuracy. One important point which emerges 
from the present series of tests, and one which will allow 
much simpler analysis to be used in future tests, is that 
errors due to inaccuracies of flying are negligible 
compared with the “residual error.” It was found, for 
example, that at low speeds (of the order of 40 knots), 
the aircraft could be flown with only about 0°4 knots 
fluctuation of air speed, and }° of sideslip, the 
corresponding figures for high speeds (of the order of 
90 knots) being 1 knot and 1°. Such fluctuations 
have a completely insignificant effect on the final results, 

As mentioned earlier, suitably stable atmospheric 
conditions are necessary for testing. This inevitably 
means that the complete series of tests is very protracted. 
If a method of testing giving results independent of 
vertical air movements could be adopted, testing could 
take place on many more days, and an accurate polar 
curve could be established in a much shorter time. In 
principle, the measurement of the angle of glide of the 
aircraft relative to the surrounding air provides such a 
method; this angle has to be measured with an accuracy 
of about 1/10°. Dr. A. Raspet has proposed the use of 
a trailing sonde which will be stabilised by fins to point 
in the direction of the air flow, while a camera photo- 
graphing the sun provides information about the attitude 
of the sonde; it seems unlikely, however, that the sonde 
will “trail” to the required degree of accuracy. To 
avoid this difficulty, the author has considered the use in 
a trailing sonde of an air stream direction detector and 
a gravity-direction unit, but acceleration errors unfor- 
tunately make this system equally impracticable. 

It may be said without exaggeration that if a suitable 
“angle of glide indicator” could be devised, the process 
of performance testing of sailplanes would cease to be a 
long and complex process as at present, and could form 
part of the routine tests of every new type of sailplane. 
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Notes on the Flow of Scheduled Air Traffic 


R. B. ADLER and S. J. FRICKER 


(Research Laboratory of Electronics, Massachusetts Institute of Technology) 


|. Introduction 
1.1. SCOPE 

This report presents an abbreviated summary of 
theoretical studies made by a group at the Research 
Laboratory of Electronics, Massachusetts Institute of 
Technology, under contract with the Air Navigation 
Development Board of the Department of Commerce. 
The details of the analysis and the results have been 
treated more comprehensively in two technical reports 
of the Research Laboratory of Electronics" *). 

The general aim of the investigation has been to 
determine, under restricted conditions, some quantita- 
tive relations between the degree of traffic control 
imposed upon the aircraft and the resulting congestion 
and delay. The control may first be exercised by merely 
attempting to schedule the aircraft, and then by actually 
applying corrective measures en route in an effort to 
enforce the schedule. Since both scheduling and en 
route control may be applied in a multitude of ways, it 
has been expedient to restrict the work to include only 
four basic problems : — 


(a) Relations between the random en route devia- 
tions of aircraft from their schedules, and the 
resulting stack and total delays’. 

(b) Effectiveness of a single en route control point?) 
when (i) it reschedules the aircraft in an attempt 
to avoid terminal congestion (rescheduling con- 
trol), (ii) it attempts to bring each aeroplane 
back on to its original schedule (on-time 
control). 

(c) Congestion caused by relaxing the schedule’? 
(block scheduling). 

(d) Effect of a sudden shut-down of the terminal'’. 


Certain aspects of multi-point discrete en route con- 
trol are also included in the study, and the limiting cases 
of random arrivals, on one hand, and continuous control, 
on the other, are discussed briefly. Item (d) does not 
fall directly into the scheme of the general problem, but 
is required for purposes of comparison. 


1.2. GENERAL ASSUMPTIONS'': 

(a) The “terminal” is a single landing strip, used 
only by landing aeroplanes. 

(b) There exists a minimum allowable time separa- 
tion f, between successive landings on the strip. 
This parameter characterises the strip by fixing 
its maximum possible acceptance rate (landings 
per unit time). 


Received January 1953. 


(c) Time is the only co-ordinate in the problem. 
Conditions at the terminal strip may therefore 
be described completely in terms of the time 
sequence of the arriving aeroplanes, and the 
parameter f,. 


1.3. NATURE OF THE ARRIVAL SEQUENCE 

In all the problems treated, except the one on airport 
shut-down, the sequence in which aeroplanes arrive at 
the terminal contains some random properties. 

First the schedule has limited random properties. A 
“proper” schedule is one in which no two aeroplanes 
are ever scheduled to arrive with time separations less 
than ¢,. In other respects, it is a random sequence con- 
structed from random number tables‘. In “block” 
scheduling, there may be some instances in which 
several aeroplanes have the same scheduled arrival time, 
but the maximum number which may thus coalesce is 
controlled. In any case, the traffic parameter « is an 
important constant of the schedule. It is defined as the 
ratio of the long-time average arrival rate at the airport 
(in number of aircraft per unit time) to the maximum 
possible acceptance rate (1/t,). 

Second, between take-off and arrival, the aeroplanes 
suffer unpredictable en route deviations from their 
schedules. These deviations arise from a random 
distribution (the en route-deviation distribution, or 
E.R.D.D.), which has limited spread S, measured in ft, 
units. That is, the probability of an aircraft being 
delayed or advanced from its schedule by more than 
S/2 t, units during its flight is taken to be zero. In 
addition to its spread S, the shape of the E.R.D.D. has 
been considered as a parameter in some of the problems. 

The present analysis of air traffic differs from other 
analyses of air or telephone traffic®.** primarily 
because it recognises explicitly the existence of a 
schedule first, and deviations from it thereafter. This 
recognition will become more significant as greater 
efforts are made to systematise air traffic and make it 
more reliable. Moreover, such a view of the problem 
provides a mechanism for including en route control, in 
terms of its effect upon the E.R.D.D. The price paid 
for these advantages has been a sacrifice of strictly 
analytical methods in favour of numerical techniques. 


1.4. METHODS OF ANALYSIS AND FORM OF RESULTS 


I.B.M. punched-card machines have been used 
extensively in this work. Schedules and E.R.D.D.’s have 
been constructed for appropriate ranges of the para- 
meters by using tables of random numbers. Samples of 
1,000 aeroplanes each, represented by punched cards, 
have then been “flown” numerically": *. The results 
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are obtained in the form of frequency counts for stack 
delay, total delay, and so on. Wherever possible, purely 
analytical methods were used to check the numerical 
results''’, or to apply them to other problems). Thus 
almost all the results are statistical, except for the air- 
port shut-down problem. It has been idealised to the 
point where analytical methods could be used to 
illustrate the major properties of interest'*). 


Notation and Abbreviations 
t time 
t, minimum aircraft time separation 
traffic parameter= long-time average 
arrival rate/maximum acceptance 
rate 


S spread of E.R.D.D., in ¢, units 
r enroute deviation, in f, units 
K,z stack delay, in f, units 
7, initial value of =, in ¢, units 
7 average value of -, in ¢, units 
e total delay, in ¢, units 
n,C used and defined in Section 3.1 
Ps QuxCx,d,r used and defined in Section 3.2 
S’,t;,r used and defined in Section 4.1 
a(t),k,x,D used and defined in Section 5.1 
E.R.D.D. en route-deviation distribution 
S.D.D. stack delay distribution 
I.B.M. International Business Machines 


2. Effect of Random Deviations from 
the Schedule” 

2.1. OUTLINE OF THE PROBLEM 

The I.B.M. machines have been used to analyse the 
congestion which results at a landing strip when aircraft 
are scheduled to arrive there in some “proper” 
sequence (Section 1.3), but fail to meet such schedules 
according to various selected E.R.D.D.’s. It has been 
convenient to normalise and quantise all times in this 
problem with respect to ft, as base. 


—— 


1954 


E.R.D.D.’s of three different shapes have been used: 
rectangular (or boxcar), triangular, and parabolic. They 
are illustrated in Figs. l(a), (b) and (c) respectively, for 
the spread S=6 (in units of ¢,). Also shown are the 
actual distributions realised from the random number 
tables. Although these E.R.D.D.’s are actually regarded 
as symmetrical about their centres, indicated by the 
designations “early” and “late,” it has been con- 
venient during the computations to alter the origin so 
that the en route deviations r (in f, units) would always 
be positive integers, O<r<S. 

The entire set of calculations consisted of “ flying” 
numerically a sample of 1,000 “aeroplanes ” (punched 
cards) for each combination of parameter values shown 
in Table I. A// the values of < in Column 3 of Table I 
were used with each value of S in Column 2. 

In connection with some additional features of these 
calculations, two important general facts must be 
pointed out :— 


(a) The maximum possible stack delay is S (in 1, 
units)". 


In the special case «= 1-00, a peculiar condition 
called “saturation” represents the state of 
statistical equilibrium for the traffic’. Its 
primary characteristic is the fact that the land- 
ing strip is never idle under such conditions; an 
aeroplane actually lands at each successive f, 
interval, with no “ gaps” in the landing 
sequence. The stack delay distributions 
(S.D.D.’s) for <=1-00 are quite different under 
saturation and non-saturation conditions. 


(b) 


In a sufficiently large sample of traffic with <= 1-00, 
saturation would eventually occur, but it is very 
improbable with only a 1,000 aeroplane sample‘. On 
the other hand, it can be induced artificially when 
<=1-00 by starting the 1,000 aeroplane sample with the 
maximum stack of S aircraft already over the terminal 


at t=0, when the actual 1,000 “observations” start. | 


Mathematically, this situation can be expressed as an 
initial condition on the stack delay 7 by demanding that 
the stack delay of the “0” aeroplane have its maximum 
value (7,=5). 
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TABLE I 
SUMMARY OF CALCULATIONS 
Deviation 
distribution Spread § Traffic parameter < 
Boxcar 2, 3, 4, 6, 8,9, 12, 18,24 1:00, 0-95, 0-9, 0-8, 
Triangular 4, 6, 8, 12, 16, 18, 24 1:00, 0°95, 0-9, 
Parabolic 6, 9, 12, 18, 24, 27 


1-00, 0°95, 0-9, 


While saturation cannot really occur for « < 1-00, it 
can be shown"? that the statistical results from a 1,000 
aeroplane sample may be affected appreciably by the 
initial stack (value of 7,) whenever ¢ > 0-9. For smaller 
values of ¢, the effect is not significant when S has any of 
the values used in the present calculations. Thus, all 
calculations involving <=0-95 and <«=1-00 were done 
twice: first with 7,=S, corresponding to a maximum 
initial stack, and next with 7,=0, corresponding to no 
initial stack. When ¢<0-9, however, all calculations 
were made with 7,=0. 

The primary numerical results produced by the 
machines for each run were 


(a) Frequencies of occurrence of stack delay 

(b) Average value of stack delay 7 . 

(c) Frequencies of occurrence of ;>0,1,2...S 
(progressive stack delay frequencies). 


(d) Frequencies of occurrence of total delay e, 
where 
=): 
e=r+(r- : 
The total delay e is the sum of stack delay 7 and the en 
route error with its origin shifted to the centre of the 
distribution (Fig. 1). 
The mass of data obtained from the runs required 
condensation. This was accomplished in two ways :— 


(a) The data on stack delays from the three 
different shapes of E.R.D.D. were averaged 
together. These results therefore have only § 
and « as parameters, and represent the S.D.D. 
arising from an E.R.D.D. which is essentially 
the “average” of the three shapes. Such a 
step is only justified because the S.D.D.’s pro- 
duced by the three E.R.D.D.’s were all rather 
similar. 

(b) To clarify the smaller effects produced by shape 
variations of the E.R.D.D., an effort was made 
to correlate the second moment about the mean 
(variance) of the S.D.D. with that of the 
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Figure 2(a). 
route-deviation 


FiGuRE 2(b). Three-point en- 
route-deviation distribution. 


Two-point en- 
distribution. 


E.R.D.D. In this connection, it was possible to 
solve analytically some special cases in which 
the E.R.D.D.’s represent extreme limits of shape 
variation’. These problems referred 
to as the “two-point” and “three-point” 
cases On account of the corresponding simplified 
forms of the E.R.D.D.’s, illustrated in Figs. 2(a) 
and 2(b), respectively. In fact, the study of 
these special cases not only suggested the 
precise method of variance comparison finally 
adopted for the machine data but also provided 
a good indication of the effects of more radical 
variations in the shape of the E.R.D.D."”. 


2.2. SUMMARY OF RESULTS 


In Figs. 3 to 7, some of the “averaged” or 
“consolidated” results from all three shapes of 
E.R.D.D. are presented. In general, only the cases with- 
out initial stack (+, =0) are included here, since they are 
regarded as having the most practical significance. Also 
shown, where possible, are the familiar results which 
apply when the aircraft arrive according to a Poisson 
distribution 

The nature of the comparison between Poisson and 
I.B.M. results is illustrated in Figs. 3, 5, 6 and 7. In 
Fig. 7 it has been convenient to replot the I.B.M. data 
for a large spread (S=24) in the form usually given for 
Poisson results. The parameter for this family of 
curves is the traffic density «. The general conclusion is 
that the Poisson and I.B.M. formulations always agree 
for sufficiently small values of <, and the largest value of 
= for which agreement is satisfactory increases as the 
spread § increases''’. Since, however, the Poisson results 
for statistical equilibrium become singular when <= 1-00, 
there can never be agreement with the I.B.M. calcula- 
tions under such conditions’. This is why no Poisson 
information is given in Fig. 4. 

In the particular case of saturation, it is possible to 
obtain the S.D.D. from any E.R.D.D. by purely 
analytical methods’. The length of the resulting 
formula and the restriction to saturation conditions 
make the results useful primarily as a check on the 
I.B.M. calculations. Such checks have been made", 
and indicate that the random numbers, sample size and 
method of procedure involved in the I.B.M. calculations 
are indeed sufficiently accurate for practical purposes. 
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FicurE 4. Average frequency of stack delay at least K plotted 
against spread S: <=1-00, 7,=0. 
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Ficure 5. Average frequency of stack delay at least K plotted 
against spread §: 


The curves of Figs. 4 to 6 supply answers to 
questions which may arise in connection with en rout 
control’. For example, what spread of the E.R.DD, 
is tolerable if not more than 5 per cent. of the aeroplanes 
are to encounter stack delays of 12 minutes or more, 
when <«=0-90 and t,=3 minutes? From Fig. 5, §S<10 
will suffice, which requires that aeroplanes be controlled 
to within + 15 minutes during their flight. This might 
not appear too difficult for average-length flights, of the 
order of two or three hours. 

The foregoing example is not meant to imply, hov. 
ever, that en route deviations will never cause serious 
problems. Efforts to reduce ¢, much below present-day 
values, and simultaneously to utilise the landing facilities 
more efficiently may place heavy restrictions upon the 
E.R.D.D. If t, is taken as one minute, and <«=1- 
(unsaturated), the probability of stacks greater than, or 
equal to, five aeroplanes can be held to within 0-10 only 
by making S<8 (Fig. 4). This requires that aircraft 
be held to within :+ 4 minutes time-keeping error, which 
may be very difficult for example on a three-hour 
journey. Even then, the average stack delay is about 
three minutes (Fig. 3), corresponding to an average stack 
of three aeroplanes and 60 per cent. of the aircraft 
delayed by at least the average amount (Fig. 4). 

As indicated in Section 2.1, a somewhat more 
detailed analysis of the relation between the shape of the 
E.R.D.D. and that of the S.D.D. has been made. Fig. 8 
shows the variance of the §.D.D. as a function of the 
variable f[S, u.(r)]. This variable“ is a function of 
the spread S and the variance p, (r) of the E.R.D.D., and 
is defined on the abscissa of Fig. 8. Since the variance 
is the square of the standard deviation, it measures the 
spread of the distribution about its mean. The standard 
deviation o (r) of the three E.R.D.D.’s used in the 1.B.M. 
calculations is shown in Fig. 9. For a peaked distribu- 
tion like the parabolic one, e~9 when S ~ 50, and ¢ 
decreases as the E.R.D.D. becomes more peaked at its 
mean. It has been pointed out that stack delays can go 
from zero to S§ (in ¢, units); yet Fig. 8 shows that 
o (7)= /[u. does not exceed about 2:5 even when § 
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TS to} is of the order of 40. Thus the S.D.D. is always quite 6.0 
route} sharply concentrated about its mean, and becomes more aie eon a 

so as decreases from 1:00. Figs. 8 and 9 may be THREE POINT CASE, 
lanes applied to E.R.D.D.’s which do not conform to the | 
more, shapes used in the I.B.M. calculations''). The methods 

<10} involved may be used in connection with en route con- { Se ct 


rolled | trol (Section 3.3), or in the comparison of experimental 
might | observations of air traffic with the theoretical results''’. 


VARIANCE OF STACK-OELAY FREQUENCY DISTRIBUTION 


the 3.0 €20.95 
how.) 3 Effect of One-Point En Route Control” 
tiou | 3.1. OUTLINE OF THE PROBLEM 
t-day Aircraft are assumed to originate from a point O, Y | 
ilities} pound for a destination D, according to a proper 
n the} schedule. Midway along the route is a control point P. | 
-1-00} is assumed that aircraft suffer en route errors from al 
N, Or} their schedules between O and P according to a boxcar male) 
‘only f ER.D.D. of spread S. In addition, between P and D FiGurE 8. Variance of stack-delay distribution as a function 
craft they are assumed to deviate from any new schedule of both spread and variance of en-route-deviation distribution. 
vhich } which might be issued at P by an exactly similar, but 
independent, E.R.D.D. The object of the control point / 
ibout f P is to try to reduce the congestion at the destination D J . 
stack f by instructing the aircraft to change speed during the eo} 4 Ps 
craft } leg PD of the flight. These orders may be regarded 


simply as requests to gain or lose certain amounts of 
mort f time along that leg. In general the speed control of air- 
f the F craft is limited, so the orders to gain or lose time must 
‘ig. 8 F also be limited. Since time has been quantised and 
f the normalised on the base .t,, the amount of delay or 
mn of f advance requested by the control at P cannot exceed a 
, and maximum of +n/2 ¢, units. Thus n becomes a new 
lance } parameter of the problem. During the I.B.M. calcula- 
s the | tions the speed origin has been changed so that all orders 
dard } to the aircraft become requests to Jose various integer 
B.M. amounts of time C, with C=0, 1,2 ...n in ¢, units. 

ribu-} Of the multitude of possible data upon which the 
nd 7} control point could base its orders, only the very 


i 


SPREAD s 

that (a) The controller at P assumes that its orders will FiGurE 9. Standard deviation of en-route-deviation distribu- 
en $ be carried out exactly. tion plotted against spread S. 
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(b) The controller at P has only the following 
information about the aircraft at any time :— 
(i) the original schedules for all aeroplanes, 
(ii) the past history of actual arrival times of 
aeroplanes at P, (iii) its own past history 
of delay orders, and (iv) the identification of 
each aeroplane. These assumptions mean that 
the controller is effectively cut off from all 
actual flight information except its own obser- 
vations in its own immediate vicinity. Observe 
however that point P need not be a physical 
point in space containing control equipment. It 
might represent a single time during the flight 
of each aeroplane when it is contacted by some 
controller (possibly located at the destination). 
Nevertheless, the assumptions given mean that 
the actual progress of any aeroplane is not 
observed except at a single “check time.” 
The problem therefore represents “discrete 
control 


The results in two limiting cases are obvious : — 


(a) If n=O, there is no control. The E.R.D.D. 
governing the entire flight from O to D is the 
convolution of the two independent boxcar 
E.R.D.D.’s of spread S each, and is therefore 
triangular, with spread 2S. This problem may 
be handled by the methods previously dis- 
cussed. The results when n>0O should be 
compared with those for »=0 to determine the 
effectiveness of the control. 

(b) If n=S (full control), the range of speed control 
is sufficiently great so that the controller could 
eliminate all congestion arising from the 
E.R.D.D. along the first leg of the flight, pro- 
vided its orders were carried out precisely. 
Since they are not, the terminal congestion 
arises from the E.R.D.D. of the last leg only. 

ee This is of the boxcar form, with spread S, and 

fee the problem may again be treated by the 

: methods of Section 2. 

When the available amount of control is inter- 
mediate, 0<.n<S, the terminal congestion and total 
delay depend upon the method of control. Two simple 
cases have been considered numerically, “re-scheduling” 
control and “on-time” control. 


3.2. RE-SCHEDULING CONTROL 

In this case the controller merely attempts, on the 
basis of information at hand (Section 3.1), to separate 
aircraft by at least ¢,(=1), without regard to their 
original schedules. Let index k represent the order in 
which aeroplanes actually arrive at P, p, the actual 
arrival time at P of the k™ arrival, and C;,=q;.— p, the 
amount of deliberate delay which the controller orders 
for the k'” plane, to be accumulated by a speed change 
during the remainder of the trip. Then since 0<C, <n 
necessarily, the rules followed by the controller are 


= Dr: if (a) 
if (6) . (1) 


=p.tn if =p; =n. (c) 


TABLE Il 


AVERAGE VALUES OF STACK DELAY, CONTROL PARAMETER AN) 
TOTAL TIME-KEEPING ERROR FOR ONE-POINT RE-SCHEDULINg § COMPA 


CONTROL 
Traffic Average Average Average total 
parameter stack delay control para- _time-keeping 
meter C error d 
1-0 (un- 2-723 10372 05 
saturated) 08 
0-9 1-362 1-036 8510 0:95 
0:8 0-878 0-843 7-833 ed 


Equation represents “overloading” of the control} 
It can occur only if 0<n<S, which is the case off ™P¢ 
interest here. More 

The total number of cases treated by numerical 
methods was small; they are listed in the following - 
table. In all cases 7,=0. 


Traffic 34, 

ERDD Shape Spread S Control n parameter: 
(on both flight (on both flight Sis 
portions) portions) time ” 
Rectangular 6 3 1:0, 0:9, 08 4s fol 
The total time-keeping error d is defined as (a) 


where 7’ is the stack delay, and r and 7 are the en route 
deviations along the first and second portions of the} (c) 
flight, respectively. A comparison of significant average 
values is given in Table II to illustrate the effect of the 
traffic parameter «. The average stack delay should be 
compared with that of Fig. 3 for S=12. (d 


3.3. ON-TIME CONTROL 


The controller at P in this case merely orders each 
aeroplane to alter its speed so that it would be back on (ec 
its original schedule if the order were carried out! 
precisely. Since n<S, however, such orders cannot | 
always be given. Moreover, additional flight error 
occur along the second leg of the trip. As an example, 
Fig. 10(a) shows the E.R.D.D. for the first leg. Fig} °" “ 
10(6) illustrates the effect of the incomplete control Onl 
(n <S) on this E.R.D.D., and Fig. 10(c) represents the! wd 


E.R.D.D. for the second leg of the journey. light 
The E.R.D.D. for the entire trip OD is the convolu-. ‘= 
tion of Figs. 10(b) and 10(c) which is illustrated in; ing 
Fig. 11 for several values of n<S. To find the S.D.D. = 
the results given in Section 2 (or Ref. 1) may be applied | ‘é : 
to this E.R.D.D. If, for example, Figs. 11(a) and 11(0) bes 
| 

total 

sprea 

i= 


0 0 0 | j lime 


tional 
Within 
that 1 


(0) (b) (c) 
Ficure 10. En-route-deviation distributions for one-point 
on-time control. 
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TABLE Ill deliberate time-change per hour are about equal, leads 
ad ONE-POINT ON-TIME CONTROL CASE, S,=S,=6 to the conclusion that the control at P (halfway between 
DULING f COMPARISON OF RESULTS FOR VARYING AMOUNTS OF CONTROL O and D) could reduce the spread of the E.R.D.D. over 

Traffic Per cent. of aeroplanes the route OD from some original value S’ to about S$’ /2. 
> total | Parameter Average stack delay delayed by at least 3 Then another control point P’ half way between P and 
eping e T units D could reduce the spread further, to approximately 

act unk ned S’/4, and so on. For example, suppose t,=1 minute, the 
OOS 0:35 0:35 0:35 0:35 1 average flight time is 3 hours, and the maximum en route 

08 10 10 O09 O08 10 #8 6 4 error is +30 minutes. Then the spread S without control 
0 0-95 20 17 16 #%F5 37 32 26 18 would be about 60. To reduce this to about 8, three 
33 mer 35 en route control points would be required according to 
— a5 eee) the reasoning just given. If the average speed were 

; : 250 miles per hour, these points would occur at distances 
yntrol a” taken to be “parabolic” with spreads 10 and 8, from the terminal of about 375 miles, 188 miles and 94 
ase off spectively, the results in Table III may be calculated. miles, corresponding to times away from the terminal of 
More refined methods of estimating the shape of the 90 minutes, 45 minutes and 23 minutes, respectively. 
ER.D.D.’s shown in Figs. 11(a) and be based 
owing upon the results shown in Figs. 8 and 9": *’. 4. Bifect of Bock Schiedolin 2” 


affic {34. COMPARISON OF RESCHEDULING AND ON-TIME 4.1. 
anstlhs CONTROLS A “block” schedule may be derived conveniently 


from a “proper” schedule (Section 1.3) written for the 


Significant similarities and differences between “ on- : 
g desired value of <, even though in practice it would not 


time” and “ re-scheduling ” controls may be summarised 


09,081» follows: arise in this manner. Fig. 12 shows a time axis in f, 
(a) When n=0 and n=S, both yield identical 
S.D.D.’s. 3 
Q) (6) When O0<n<S, both yield very similar 
route S$.D.D.’s. 
of thef (c) Both show greatest success under heavy traffic 
verage conditions (¢ > 0-8), when a moderate amount 
of the of control can noticeably decrease the fre- 
uld be quencies of long delays. 
(d) The re-scheduling control may throw particular (a) 
aeroplanes sufficiently off their original 05 
schedules to cause difficulty with passengers and 
each general administration. 
ck on} () Re-scheduling control involves more compli- 
d out) cated decisions for the controller, even in the m “a eae” 
‘anno | simple case considered in Section 3.2. ie 
ole It is clear that if controls were exerted continuously 
Fig on each aeroplane during its flight, there would be no 
ontrol} Meaning to re-scheduling control ” as defined here. T 
ts the! Only When discrete control is considered, with sufficient P | ms (b) 
flight time between successive control points (if there 
wolu- Several) to allow moderately serious random bunch- 
ed ing 8 of aircraft between them, do the two varieties of if a. 
Lhe possibilities for multi-point discrete control 
pplied | migh 15 r 
“110. ght be exploited, using either control method, by a: 
Noting that if the control points were close enough 
so that each one could exert full control, the S2= 6 
total E.R.D.D. for the whole journey would have a 
Spread equal to that for the last leg alone. Suppose, for ; 
i. that the spread of the E.R.D.D. can be | | (c) 
“]] | sumed proportional to flight time en route, so that the 05, 
al spread per hour of flight is a constant”). The maximum 
which can be made up or lost by deliberate speed 
Variations is also proportional to flight time; the propor- | 
, "onality factor is the fractional speed variation allowed 7 -65-4-3-2-1 @€8 Tf, 
pint within engine efficiency limitations. Assuming, further, Figure 11. Equivalent total en-route-deviation distribution: 
that the spread per hour and the maximum allowable n=2, 0, 4 respectively. 
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Ficure 12. Preliminary time sequences for block scheduling. 

units on the first line, and a proper schedule (the 1; 4.2. SUMMARY OF RESULTS 
sequence) on the second line. On the third line appears The S.D.D. produced by the block-schedulin: 
a set of non-contiguous time “ blocks” of length S’ each method is similar to the $.D.D. arising from a triangular 
into which the whole time axis is divided. To form a E.R.D.D. of spread S+5S’ acting upon a_ prope 
block schedule, the aeroplanes (t;) in the proper schedule schedule’, except that the block-scheduling result shows 
which fall within any block are redistributed at random a slightly longer “tail” at large delays. The total effec 
on to the S’+1 available times which comprise the of both the block scheduling and the E.R.D.D., as the; 
block. Clearly, several aeroplanes may receive the same modify the original proper schedule (Fig. 12, second 
scheduled time as a result of this redistribution, but line) from which the block schedule was derived, js 
never more than S’ +1 can thus coincide. The value of really described by an “ equivalent” E.R.D.D. of spread 
= remains the same as it was in the original proper 28’+S*). The “tails” of this E.R.D.D., however, 
schedule. : eee occur at such low-probability delays that the S.DD. 

To accomplish the required redistribution of air- produced by it may be approximated quite well by using 
craft within the time blocks for the I.B.M. computations a triangular E.R.D.D. of spread S’+S. The general 
all aircraft (¢;) within each block are first pulled back to results in fact indicate that the stack-delay distribu. 
its beginning (the “ block mark” B,,), and then a random tions arising from block scheduling in blocks of length 
number 7’ from a boxcar distribution of spread S’ is S’, followed by a boxcar E.R.D.D. with spread S, are 
added to each in turn. The resulting times constitute approximately the same as those produced by applying 
the “ block ” schedule. : to a proper schedule an equivalent E.R.D.D. obtained 

Once the schedule is determined, the 1,000-aeroplane by convolving the statistics characterised by the spreads 
samples are flown numerically, subject to boxcar S and S’. 
E.R.D.D.’s of spread S, in the manner presented in 
Section 2. The values of = employed for each combina- 5. Effect of Airport Shut-down” 


tion of S’ and § were 1-0, 0-95, 0-9 and 0-8. In all cases 
7, =0, so the terminal was never saturated. The various i 4 a 
combinations of S’ and S values covered by the entire set In this problem the flow of aircraft to the terminal i 
of computations appear in Table IV. regarded as a continuous process, proceeding initial) 
(before t=0) at a constant rate r(t) which is less than’ 
the maximum acceptance rate a(t) for the terminal. At 


(b 


3 “ t=0 the maximum acceptance rate of the terminal 
<3 wi suddenly drops, to a level below the actual arrival rate 
ss of the aircraft, and remains there for a time 7, after 
which it returns to its original value. Provision is made 
(called feed back) for the continuous arrival of 
my Fi at the terminal to be stopped at some time 7; after the! 
shut-down, and correspondingly to be reinstated at 
evs (d) original value at a time 7; after the terminal reopens. 
The additional notation used is as follows (see Figs. 13} FIGUR 
and 14):— g of del 
<1 traffic perameter before and after shut 
. 
k airport shut-down factor, O<k< 
r20 
VALUES OF AND S’ USED FOR BLOCK SCHEDULING 
COMPUTATIONS 
6 6 9 9 12 18 
Ts. 6 12 9 18 
Ficure 13. Acceptance rate, arrival rate, and stack height for 
T,>T,, feedback case, with stack height for corresponding no- 6 3 9 6 12 2 74 18 
feedback case. 
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T, total time during which a non-zero stack 
exists 


x= dimensionless parameter 
f 


7 the average stack delay for those aero- 
planes which are delayed; also equal to 
the stack delay averaged only over the 
time T, 

total aggregate delay; also equal to the 
product of the average stack delay = and 
the total number of aeroplanes delayed. 


For example, the particular case of feedback with 
T>T, is illustrated in Fig. 13, together with the stack 
height for the corresponding no-feedback case. The 
normalised average delay 7/7, plotted against x for a 
shut-down factor k=0-3 is given in Fig. 14, where 7, 
may most conveniently be regarded as fixed and x 
varied by changing 7;. 

The results show four significant facts :— 

(a) When T; is sufficiently large (x sufficiently 
small), the results with and without feedback 
are identical. 

In all the cases when = < 1-0, the average delay 
with feedback may become greater than that 
without feedback. The reason for such 
behaviour is illustrated in Figs. 13(c) and (d), 
and arises from the fact that the average is com- 
puted only over the time T,,. 

The aggregate delay D with feedback is never 
greater than that without feedback, and is, in 
fact, generally less. 


(b) 


(c) 


NORMALIZED AVERAGE 


2.0 
x=To/Tt 


Ficure 14. Normalised average delay as a function of x: 
shut-down factor k=0°3. 
(d) Appreciable simultaneous improvement in all 


the quantities, 7, Tmax, Smax (see Fig. 13 (c)) and 
D occurs only when 7; is small compared to T,. 
Otherwise the feedback acts principally to 
reduce the length of time 7, during which the 
stack exists and consequently the aggregate 
delay. 


6. General Conclusions 


The results of Sections 2-4 may be summarised in 
the form of a rather crude graph, as shown in Fig. 15. 
While the figure itself applies only to a specific numerical 
example, it illustrates the general trends adequately. An 
effort has been made to show in this figure how three 
important measures of traffic congestion and delay are 
decreased by the use of increasing amounts of control. 
The abscissa scale has been chosen quite arbitrarily, and 
is intended merely to place the various control methods 
in order of “increasing complication ” from the point of 
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view of the amount of information required to carry 
them out. For smaller values of <, all of the controls 
would show less improvement, as compared to the 
random arrival case (Poisson); but the congestion would 
be less serious, and great improvement would not be 
required. On the other hand, for larger values of < the 
whole curve would be somewhat steeper, and the large 
gains obtainable with relatively little control would be 
even more apparent. It appears that no matter what 
reasonable scale might be used for the abscissa, the 
exercise of continuous control must require almost an 
order of magnitude more effort than any of the cases 
specifically indicated in Fig. 15. Thus the additional 
complication of adding progressively more elaborate 
controls eventually results in a situation of diminishing 
returns. From the point of view of effective multi-point 
discrete en route control, as considered in Section 3.4, 
the density of the control points must increase near the 
final terminal. Since the space density of aircraft also 
increases as the terminal is approached, it seems clear 
that continuous control will have to be applied to the 
aircraft within some region around the terminal. Yet 
sufficiently far away, a relatively few discrete control 
points appear sufficient. This is particularly emphasised 
by recognising that the larger the volume throughout 
which continuous control is exercised, the larger a 
perfectly safe and acceptable “stack” may become. 
The problem will therefore eventually come down to 
specifying the distance from the terminal at which a 
change from discrete to continuous control should be 
made, consistent with the limitations imposed by safety, 
the required traffic densities, the required efficiency of 
utilisation of the landing strip, and the cost of various 
types of control equipment. These factors are really 
the ones which should set the quantitative scale on the 
abscissa of Fig. 15, and which will determine when 
the diminishing returns situation occurs. 

Application of the results of Section 2 to numerical 
examples which appear representative of present-day air 
traffic indicates that really serious congestion would 
occur extremely rarely—much less frequently in fact 
than is apparently observed in current practice. Since 


the possibility of airport shut-down was omitted in 
Section 2 (because f, and ¢ were treated as constants), the 
analysis of Section 5 was added to the general study for 
comparison purposes. The results suggest that currently 
the airport shut-down problem considerably obscures 


—__ 


the effect of unpredictable en route time-keeping error, 
Effective blind-landing techniques will in the futur 
undoubtedly remove this difficulty to a great extent 
Once the reliability of air travel is thereby divorced fron 
its dependence upon local weather conditions, however, 
the increased demand for flights may well require highe 
traffic densities and more efficient time-utilisation of 
landing strips. It was really with a view to the poss 
bility of such a future situation that the major portion 
of the present investigation was undertaken. 
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Introduction 


Carving from the solid is a manufacturing process 
dating back many thousands of years. Thomas Moore 
in his sculpture “Recumbent Figure” (Fig. 1) has 
instanced an example to aircraft engineers of integral 
construction and, has even gone to the uouble of pro- 
viding discreet lightening holes. 

Art throughout the ages has always looked to the 
future and while we are still busily applauding Shake- 
speare and Beethoven we are often left wondering with 
Moore and Walton. 

Aircraft engineering is very much an art but Moore 
takes his integral construction for granted while aircraft 
designers are only just beginning to wonder. 

There is no doubt that a great deal of scepticism 
exists today on the application of integral construction 
to aircraft structures, despite the repeated calls for bigger 
and better forgings, larger capacity machines, fewer 
parts and less weight. 

There is definite evidence that aircraft design is 
entering an era of large high strength structures con- 
sisting of one, or very few parts. The ultimate method 
of manufacture could be any of a number of forms 
under current investigation but there is undoubtedly a 
place for the accurate machining, forging or extruding 
of primary structural material of large surface area, 
that is, integral construction. 

This paper deals with some aspects concerning the 
progress of integral construction at the present time. It 
is divided into four parts. The first deals with some 
general aspects and their implied economics. The second 
discusses in some detail various manufacturing methods 
and contemporary examples of integral construction. 
The third makes some observations on the relative 
merits of various forms of construction to provide 
optimum structural efficiency, and the fourth deals in 
some detail with a spar box project recently completed 
at Short Brothers and Harland Ltd., Belfast. 


PART I 
MAJOR ADVANTAGES OF INTEGRAL 


CONSTRUCTION AND THEIR RELATION 
TO PRODUCTION ECONOMY 


1. Some Advantages of Integral 
Construction 

_ The main advantages claimed for integral construc- 

tion can be summarised briefly as follows:— 


e Section Lecture given before the Society on Ist December 
953. 


Short Brothers and Harland Ltd.) 


(i) Inherent stability in compression due to the 
intrinsic solidity of forged, extruded or 
machined sections. 

(ii) Considerable reduction in the number of parts, 
joints, rivets, and so on, and the paper work that 
inevitably goes with them, including stress 
approved drawings. This results in an overall 
saving in cost. 

(iii) An appreciable weight saving which can amount 
to 2-4 per cent. of the total weight of an aircraft 
and provides improved performance. 

(iv) Good resistance to fatigue due to lack of joints, 
seams, and so on. 

(v) High surface finish and freedom from manufac- 
tured distortions with consequent drag reduc- 
tion. This is a particularly important factor 
with modern aircraft where manufacturing 
differences in similar aircraft absorb consider- 
able time and money in test flying. 

(vi) Suitability for integral fuel tanks due to the lack 
of seams, joints, and so on. An important 
advantage, as fuel space is becoming a major 
design consideration because of long range and 
high speed requirements. 


The main factors to be weighed against these are the 
manufacturing difficulties to be overcome and overall 
economic considerations. 

The introduction of integral construction on any 
large scale leads immediately to a vast outlay of expen- 
diture in providing the huge forging or extrusion presses 
or complicated machine tools. It is certain that the 
costs involved are so great that they must be considered 
in the light of national economics. A start has been 
made in most of the more powerful countries and there 
is evidence already of considerable progress. 


1.2. METHODS OF PRODUCING INTEGRAL CONSTRUCTION 


1.2.1. Forging 

The maximum existing and projected forging capaci- 
ties of various Countries is summarised in Fig. 2. 
Germany before the Second World War was advocating 
the use of large forgings and carried this so far that in 
1944 they had three 15,000 ton presses in operation. 
They followed this with a 30,000 ton press and at the 
end of the war were well under way with the design of 
a 55,000 ton press. Russia was sufficiently interested at 
this time to take over a 30,000 ton press as part of their 
war reparations and are reported to have a 60,000 ton 
press under way. The American Government in 1944 
financed the construction of an 18,000 ton press, al- 
though this was of little use in their war effort. They 
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supplemented this with two 15,000 ton German presses 
in 1950 and their substantial heavy press programme, 
which was recently reduced, consists of two 50,000 ton. 
two 35,000 ton and one 13,000 ton presses. In Britain a 
12,000 ton press was in use at Booth’s Ltd. in 1937 and 
this has been followed 16 years later by another 12,000 
ton press which was installed at High Duty Alloys at 
the beginning of 1953. 

There is, therefore, a definite trend to greater forging 
capacity although no existing or projected press is at 
present capable of providing large areas of integral con- 
struction, to the required degree of accuracy and com- 
plication, for, say, wing structures. 


1.2.2. Extruding 

Figure 2 also indicates maximum extrusion press 
capacity. The Germans simultaneously followed their 
faith in large forging presses with a large extrusion press 
programme and at the end of the 1939-45 War they had 
a 12,000 ton extrusion press in operation with two 
similar presses nearly completed and designs under way 
for a 25,000 ton press. Russia is believed to be operating 
a 12,000 ton press removed from Germany after the 
war. America’s extrusion press capacity was limited to 
three presses of 5,500 tons until supplemented in the 
recent heavy press programme by one 13,200 ton, two 
12,000 ton and three 8,000 ton presses. Britain has 
better capacity for extruding than for forging. The 
largest press is Northern Aluminium’s 8,000 ton extruder 
and there are a number of smaller presses available. 

Attempts to produce integral construction by extrud- 
ing have been largely confined to producing cylindrical 
skins reinforced with axial stiffeners. Size, skin thickness 
and taper, accuracy and forming are major limiting con- 
siderations and there would appear at present to be no 
major application of extruded integral construction for 
high strength structures of optimum efficiency, without 
considerable development in technique. 


1.2.3. Machining 

Recent publications and exhibitions quite clearly 
herald the beginning of a machine age. Very large 
milling and profiling machines are in operation or under 
development, particularly in America. These are capable 
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of the accurate and complex machining and contouring 
of large slabs of material and, in fact, are only limited 
by economy in production. 


1.2.4. Casting 

Large castings are another form of integral construc- 
tion but have poor dimensional accuracy, low strength 
and elongation and necessitate large design safety 
factors. Also, wall thickness is often limited by the 
difficulties of metal distribution. Casting, therefore, does 
not appear to be comparable with forging, extruding or 
machining. 


1.2.5. Rolling 
Rolling methods are another proposition but despite 
recent advance in thin ribbed skin they seem to suffer 


from their inability to facilitate taper and design compli- , 


cation and present similar problems to extruding which, 
in any case, would be a more economic proposition. 
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are made in some detail in Part 2 but from brief 
observations made so far it is quite apparent that facili- 
ties for the’ manufacture of large area integral construc- 
tion are growing and there is a definite and logical 
trend to structures consisting of very few parts. Whether 
this form of construction will ultimately be forged, 
extruded or machined is an open question. At present 
the greatest areas can only be achieved by machining 
from slab. The maximum areas available in Britain are 
sufficient only for the smallest high speed aircraft or, 
more likely, for missiles and their use on larger aircraft 
would involve weight wasting joints. The provision of 
greater machine capacity and larger slabs will improve 
this position but there is a definite indication that a 
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combination of rough forging or extruding, with sub- 
quent machining, will form an interim stage before 
the ultimate method, probably accurate die forging, is 
evolved. 

There is good evidence to support the advantages 
already enumerated for integral construction and, 
accepting these, there is no doubt that, given the neces- 
sary machines or presses, an economy in production can 
be effected resulting in better and more rapidly produced 
aircraft. The major problem, therefore, is whether such 
advantages warrant the enormous initial expenditure. 

This is further complicated by the fact that at present 
one can only guess at the method that will ultimately 
provide the greatest areas of structurally efficient inte- 
gral construction in the most economical manner and 
hence, all methods will have to be developed to a more 
advanced stage. This development is necessary anyway. 
since there will always be the need for forgings, extru- 
sions and machined fittings of a fairly large size. It is 
imperative, however, that whatever the final method 
may be, sufficient numbers of presses or machines of the 
required size must be available to enable war-time pro- 
duction to be achieved without bottlenecks. One very 
large press for instance would be of little use as de- 
signers would immediately forsee bottlenecks and resort 
to fabricated structures, leaving the large press an un- 
economic tool producing, probably, a quantity of very 
small forgings. 

The economics of the initial outlay required to pro- 
duce integral construction must inevitably be linked to 
the performance of military aircraft. The weight saving 
to be expected from the use of integrally stiffened 
piimary wing structure can amount to 4 per cent. 
A.U.W. on a modern medium-heavy aircraft. This 
figure is based on current American and British experi- 
ence and with development could, undoubtedly, be 
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Figure 3. Area and size requirements for various aircraft. 


improved. In terms of medium-heavy aircraft perform- 
ance this 4 per cent. could be used to carry 16 extra 
passengers, to increase bomb load, or to improve range 
by some 14 per cent. Alternatively, the saving could 
provide an appreciable increase in speed or operating 
altitude. Obviously these gains speak for themselves and 
certainly merit a very large initial outlay in capital. 

In the civil aircraft field the state of development is 
too fluid at present to determine with any certainty 
whether the returns in saving, in cost and performance, 
repay the initial financial outlay. Rough calculations 
rather suggest that they do not repay for the quantity of 
civil aircraft produced in Great Britain, except possibly 
where machining methods are adopted. Even if the out- 
lay is considered excessive for civil aircraft, then surely 
from the National viewpoint it must be provided to 
enable military aircraft to have the best possible per- 
formance and production potential. The two arguments 
are obviously complementary since, given the equipment 
for military aircraft, civil aircraft can be produced faster 
and cheaper. National economics in this country on a 
large and expensive scale obviously limits development. 
It is for this reason that the most likely immediate 
method of producing integral construction is the 
machining of large rolled and stretched billets either 
pre- or post-formed to contour. This method would 
require immediately a greater rolling and stretching 
capacity, large milling machines and possibly, greater 
stretch and/or forming presses with increased heat 
treatment facilities. 

Obviously neither the aircraft manufacturers nor the 
material suppliers can be expected to provide such an 
outlay without considerable Ministry support. 

In the more distant future the machining of rough 
forgings or extrusions may provide an interim method, 
but ultimately integral construction may well be pro- 
duced by accurate die forgings, certainly for the lower 
area range. This is because forging best facilitates the 
undoubted design complications now lurking in the 
minds of aircraft designers—it being their accepted 
privilege to demand the impossible today rather than 
tomorrow. 


PART II 


PROBLEMS, ACHIEVEMENTS AND FUTURE 
REQUIREMENTS OF FORGING, EXTRUDING 
AND MACHINING 


2. Limiting Size Requirements 


The application of integral construction to wing 
structures is likely to form the limiting area require- 
ments due to high concentrated loading and stringent 
stiffness criteria. 

Figure 3 shows the order of these area requirements 
for a group of four different aircraft. The requirements 
range from 1,040 ft.* for a modern large transport air- 
craft to 12 ft.2 for a guided missile, the respective 
overall plank sizes being 80 ft. x 13 ft. x 4 in. thick 
and 4 ft. x 3 ft. x one in. thick. This, then, presents 
the possible forseeable boundaries of integral construc- 
tion and provides a basis on which to discuss 
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contemporary achievements of forging, extruding and 
machining and to consider how far they are likely to be 
met. 
2.1. FORGING 

Little work has so far been done on forged integral 
construction but one example is shown in Fig. 4. This 
is the result of considerable experimentation by the 
Lockheed Aircraft Corporation of America on a panel 
of approximately 7 ft.* surface area. The skin is 0-13 
in. thick and is stiffened by webs approximately 1 in. 
deep by 0-18 in. thick and spaced one inch apart. A 
great deal of development work was put into this project 
and one of the major difficulties was the reluctance of 
the material to flow into the webs. Draft angles of only 
4-1° were used and the average forging pressure was 
37,000 Ib./in.* Severe die-sticking occurred initially but 
was prevented when colloidal graphite in oil was used 
for lubrication. Dimensional accuracy was not good and 
was influenced by die deflection and the height of the 
web. To avoid “ suck-in” at the skin-stiffener junction 
the skin had to be from 0-01 in. to 0-04 in. over size for 
a stringer height exceeding one inch. 

This panel needed almost the full capacity of an 
18,000 ton press and is much smaller in area than our 
most modest requirements. What then are the problems 
to be faced for large area forged integral construction? 

Probably the most important is forging pressure. 
Simple forgings require pressures of approximately 
10 tons/in.* while more complicated sections, such as 
integrally stiffened panels, require pressures up to 20 
tons/in.* 

This means that if a 300,000 ton press were available 
the sort of area of integral construction that could be 
forged would be about 100 ft.? or, say, a 20 ft. x 5 ft. 
plank. This is more the order of area required, but the 
biggest press ever to be projected anywhere in the world, 
so far, is the 75,000 ton American press and this can 
offer only 40 ft.? approximately, while our own British 
presses offer some 5 or 6 ft. Even taking the most 


optimistic pressures for the 300,000 ton press it could 
not be expected to achieve more than 140 ft.*, ie. 
28 ft. x 5 ft. planks. 

The maximum pressure is limited by the materials 
used for the forging dies and the forging temperature. 
Die steels are available with yield strengths of over 40 
ton/in.* at 400°C, but forging pressures of only half 


FicureE 5. 50,000, 35,000 and 18,000 ton American forging 


presses. 


Figure 4. Lockheed forged 
stiffened skin panel. 


this are possible due to the limitations of die deforma. 
tion and general flow of material in the dies. Higher 
pressures, therefore, can adversely influence dimensional 
accuracy; the latter being already difficult to achieve 
due to the requirements of thin webs and small draft 


angles. Higher forging temperatures may become 
possible with improved die materials and _ better 
lubricants. 


The cost of dies is a major economic item. Develop. 
ment on cast steel dies shows some promise and the 
improvement in die-sinking machines and the build-up 
method of producing large dies can do a lot to reduce 
costs. An important point in this connection is the cost 
when only a few forgings are required, e.g. for a proto- 
type aircraft. The best procedure would appear to be 
the use of block type dies which would necessitate 
some machining of the resulting forgings. The experi- 
ence so gained could then be used to produce more 
accurate dies for production runs, thereby offsetting 
some of the initial cost. In this connection the use of 
cast steel reinforced Kirksite dies shows considerable 
economy for prototype quantities or for block forgings. 

The availability of the very big presses depends upon 
the constructional advances that can be made. Apart 


from the enormous power requirements, the construction | 
of the massive structural components presents severe | 


problems. 


taking in the construction of the 50,000 ton American 


FiGcure 6. Foundations for the 50,000 ton American press. 
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pfess is a contemporary example. This press, together 
with the projected 35,000 ton and the existing 18,000 ton 
press is shown in Fig. 5 and clearly demonstrates the 
immensity of large forging press construction, particu- 
larly for the very large capacities. The point is, perhaps, 
brought home much more forcibly in Fig. 6 which shows 
foundations for the 50,000 ton American press. Existing 
constructional methods for heavy presses indicate an 
upper limit of 75,000 tons but the American throatless 
type shown in Fig. 7 is reported to have much greater 
potentiality. 


2.2. EXTRUDING 

Several methods have been suggested for extruding 
integral construction. It can be extruded straight across 
the press cylinder diameter. This limits the width to 
12 in. or so at present, depending upon the press size and 
the flow of metal. Alternatively, there is the horseshoe 
method which will give very long lengths, if this is 
important. Finally, there is the tubular extrusion with 
the stiffeners on the outside. This gives the greatest 
width, being the circumference of the cylinder diameter, 
and is of the order of 28 in.-35 in. at the present time. 
The last two methods involve the difficult operation of 
flattening. 

A typical example of extruded integral construction 
is shown in Fig. 8 and was developed by the Reynolds 
Metals Company of America. The upper left-hand 
picture shows a tubular extrusion with 7 “T” shaped 
stiffeners at about 2 in. pitch, while below it is the 
flattened panel with a width of 14 in. The right-hand 
picture of Fig. 8 shows a further development with the 
same stiffener pitch and a flattened width of 28 in. It 
is Claimed that this has been extruded in the highest 
grade aluminium alloys to skin thicknesses of approxi- 
mately 0-070 in., stiffener web thicknesses of 0-060 in. 
and flange thicknesses of 0-1 in. The lower grade, or 
softer, alloys, permit thicknesses of the order of 0-040 
in. and 0-032 in. for the skins and stiffener webs res- 
pectively. Material properties were excellent both 
longitudinally and transversely. This work was done on 
a press of approximately 5,000 ton capacity which pro- 
vided lengths of up to 30 ft., depending on the extruded 
sectional dimensions and the size of original billet. 

An example of British progress in this field is shown 
in Fig. 9 and is the preliminary work of James Booth, 


Figure 8. Reynolds extruded integral construction with T 


section stiffeners. 


FiGurE 7. Throatless type forging press. 


Ltd. The tubular method was again employed and the 
stiffener is bulb ended. The skin and web thickness is 
0-25 in. and the flattened width is 35 in. Great difficulty 
was experienced in the flattening process and dimen- 
sional accuracy was not good. The manufacturers are 
confident that such a form of integral construction can 
be produced satisfactorily in the highest grade 
aluminium alloys, but consider that skin thicknesses 
cannot be thinner than 0-125 in. 

At first glance extrusions certainly appear much 
more encouraging than the forged counterpart. This is 
perhaps because extruding is a much more natural 
method from the material flow aspect. There are, how- 
ever, many serious problems and limitations. 
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FiGure 9. Booth’s extruded integral construction with bulbed 
section stiffeners. 
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If the tubular method is employed then the problem 
of subsequent flattening is acute and as yet there appears 
to be no entirely satisfactory method of accomplishing 
this. The most usual method employed is an initial 
rough flattening operation by strong arm methods, using 
simple presses, followed by a stretching operation. It 
is, however, by no means certain that the required 
degree of flatness can be achieved due to the thickness 
irregularities that will almost certainly exist—there 
being a material limitation on the percentage stretch 
possible. This variation in skin thickness arises from 
the tubular method of extruding which demands a 
slightly tapered mandrel. The difficulty of taper 
machining, together with the fact that it is almost im- 
possible to ensure complete concentricity of the mandrel 
relative to the die, both from assembly considerations 
and deflection under pressure, lead to large tolerances 
on skin thickness of the order of +10 per cent., or 
+ 0-010 in. on thicknesses lower than 0-1 in. These 
iimitations would not apply to the stiffener where 
normal extrusion tolerances could be maintained. 

Again, if thin stiffener webs are required there must 
be some bulk of material at each end and this can lead 
to structurally inefficient sections unless subsequent 
machining is employed. 

The maximum available size of cast extrusion ingot 
is another limiting factor. At present ingots of 18 in. 
diameter and 600 Ib. in weight form the practical limit. 
Recent casting developments, however, indicate that 
diameters of 35-40 in. and weights of 6,000 Ib. or more 
will become available for the large extrusion presses 
coming along. For a given section of extrusion, the 
billet size will define the extrusion length and hence, 
limit the area of integral construction. 

Other problems, such as die materials and cost, 
extruding pressures and temperature effects, are similar 
in nature to those discussed under forgings. although it 
should be added that temperature control is particularly 
critical and has a_ greater influence on_ surface 
irregularities. 
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Taper machining the skin for the North American 
F-86 Fighter on the Cincinnati Hydro planer type milling 
machine. 
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FiGureE 10. 20,000 ton extrusion press. 


It is clear that areas of integral construction of the 
order of 35 ft.* are possible on presses of the order of 
5-6,000 tons capacity and it is estimated that for the 
20,000 ton press projected in America widths of 60 in. 
or more and areas of over 150 ft.* would be practical. 

Constructional problems of large extrusion presses 
are as difficult as large forging presses, as is instanced 
by the comparison of man and machine in the 20,000 
ton extrusion press of Fig. 10 (see arrow). The practical 
limit, at present, is quoted as 25,000 tons capacity. 

By far the greatest disadvantage of the extrusion 
press, however, is the difficulty in tapering wall thick- 
ness and the inability to vary stiffener pitch. These are 
necessary requirements for optimum structural effici- 
ency. Even if these disadvantages could be overcome by 
methods which would undoubtedly involve considerable 
complication, the problem of flattening by stretching 
would become far more difficult, if not impossible, due 
to the tapered section; stretching being one of the major 
problems associated with the production of tapered 
sheet. This may well lead to the straight method of 
extruding with a severe limitation on width. 

A further ultimate disadvantage of extruding is the 
impossibility of producing transverse or angular webs 
or projections. 

These latter considerations suggest, therefore, that 
extruded integral construction can provide only an 
interim stage in the development of efficient, highly 
loaded, large area structural members. 

There may, however, be an application of extruded 
construction, in its present or slightly modified form, to 
relatively lightly loaded structures such as fuselages, 
particularly when the larger extrusion presses become 
available. This has particular significance since large 
extrusion presses are potentially a better commercial 
proposition than large forging presses. 


2.3. MACHINING 


Undoubtedly the greatest amount of experience so 
far has been gained by machining. 

Normally machining is effected from tne solid 
slabs and the main problems, other than tooling, are the 
avoidance of distortions and cracks during machining 
and heat treatment and the method of producing 
contour. 

Various specific machine tools have been developed 
for large area machining of which the following are the 
most successful examples. 


we 
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The Cincinnati Hydro twin head planer type milling 
machine shown in Fig. 11 has a capacity of 54 ft. in 
width and 20 ft. in length. An alternative machine can 
provide a capacity of 8} ft. in width and 16 ft. in length. 
Fig. 11 shows the machining of tapered skin for the 
North American F-86 fighter and the equipment at the 
end of the machine table is the suction pump which 
creates the vacuum for a suction bed used to provide 
continuous clamping of the skin. 

Another Cincinnatti product is the Hydro-Tel shown 
in Fig. 12 and illustrates the machining of a Meteor 
tailplane box-spar skin. The Hydro-Tel was essentially 
developed for contour work and possesses a huge 
vertical or horizontal milling bed 10 ft. x 36 ft., only 
half of which is available for the manufacture of 
integral construction when copy machining is employed, 
the other half being used for the copying dies. American 
experience on these machines suggests that three- 
dimensional copy milling is unsatisfactory at present 
due to a loss of accuracy from stylus lag when auto- 
matic following is employed. Hand control can be 
employed but is relatively slow and fatiguing to the 
operator and tends to be uneconomical in production. It 
is significant to note that the main difference of this 
machine from the well-known Keller contour machine is 
that the automatic following is hydraulically-controlled 
and not electrical. 

A machine specially developed for large scale skin 
milling, but equally useful for the production of 
stiffened skin, is the Onsrud Invomili shown in Fig. 13. 
This accommodates lengths of 15-20 ft. and widths of 
6-8 ft. with provision for additional 15 ft. lengths of table. 
The Onsrud facilitates longitudinal and_ transverse 
taper machining, face milling and plan form contour 
machining and is virtually a combined router-cum- 
miller, either of these being capable of independant 
operation. The routing feature of the machine enables 
faster cutting speeds to be used and provides the desir- 
able feature of uniform feed rates for contour work. 
The machining heads are mounted on a travelling 
carriage and move longitudinally and transversely. This 
movement, combined with controlled vertical feed and 


FiGure 13. The Onsrud Invomill skin miller and router. 


The Cincinnati Hydro-Tel contour: machining a 
Meteor tailplane box spar skin.. 


FiGure 12. 


tilting of the cross rail, provides the taper machining 
facilities. 

The machine that is perhaps best known and most 
widely used at the present time is the Giddings and 
Lewis milling machine shown in Fig. 14. A working 
area of 34 ft. by 10 ft. is available but is halved if a 
die is used for contouring work. In this machine the 
bed actually moves and the two high speed cutting 
heads are stationary, apart from traversing movement 
and swivelling. Profile and taper machining is possible 
employing tracer control from cams situated on the 
crosshead, or on the machine bed itself, and electrical 
control, simple to operate, is an attractive feature. A 
sample of this machine’s work is shown in Fig. 15. 


Ficure 14. The Giddings and Lewis large scale miller. 
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Ficure 15. Machined panel for Lockheed Constellation aircraft 
inner wing lower surface. 


This panel was produced by the Lockheed Aircraft 
Corporation for the Constellation aircraft inner wing 
lower surface and has overall dimensions of 4 ft. x 
32-8 ft. x 14 in. thick. The skin thickness tapers from 
0-070 in. to 0-055 in. while the stiffeners are unflanged 
and their spacing and thickness is constant. The milling 
machining time has been quoted as approximately 20 
hours, but latest reports indicate that improved pro- 
duction techniques have reduced this to 12 hours. 
During this time the original billet wastes from 3,300 Ib. 
to 389 lb. Contouring to wing profile is effected by 
shot peening after machining. 

This application saved 1,472 detail parts (some 80 
per cent.), 33,776 fasteners (again 80 per cent.) and 17 
per cent. in weight over the original conventional con- 
struction. 

There has, therefore, been considerable development 
and achievement on the part of machine tool and air- 
craft designers—although unfortunately, this appears to 
be largely confined to the other side of the Atlantic. 

Still larger machines appear desirable, particularly 
with greater width capacity. In this connection the 
moving head, as opposed to the moving bed, type of 
machine appears to be the better proposition due to the 
feed limitation arising from the large mass inertia effect 
of the moving bed type and the difficulty of obtaining 
sufficient rigidity if good dimensional machining 
accuracy is to be obtained. If width is of prime im- 
portance, however, the problem of rigid support of the 
moving head cross rail can become difficult. 

A major problem of equipment is the provision of 
a uniform holding down pressure over the entire billet 
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to be machined. This is essential for very thin skins if 
reasonable machining tolerances are to be maintained, 
Suction beds have been developed both in this country 
and the U.S.A. and have provided adequate clamping 
pressure, but the problem becomes more difficult with 
the larger areas. Other necessary developments are 
more efficient machining cutters to provide greater 
speeds and feeds, the use of automatic electronic con- 
trol, and the provision of swarf conveyors. 

Machine tool development is not the only require- 
ment if we are to have machined integral construction 
of large area. The first essential is the supply of the 
necessary large blank billets in high strength aluminium 
alloys from the material manufacturers. Planks of the 
order of 10 ft. or more wide, 30 ft. long and 3-4 in, 
thick are typical requirements. High strength properties 
should be retained throughout the billets which, to 
minimise machining distortions, should be obtainable in 
stretch-levelled condition. At present the maximum 
plank size available satisfying these requirements is 2 ft. 
by 15 ft. by 24 in. thick. The main problems, therefore, 
are associated with the width requirement and of prime 
importance is the development of greater rolling and 
stretch capacity. 

A further problem is heat treatment. To avoid 
machining cracks and excessive distortion a great deal 
of machining will most probably have to be effected 
with the material in the solution-treated condition. This 
means that very large age-hardening ovens will be 
required with, probably, restraining rigs for controlling 
thermal distortions. 

The final problem, and possibly one of the greatest, 
is the contouring of the machined panels. Machining the 
contour may be possible in some instances but, as in- 
dicated already, three-dimensional contour machining is 
neither particularly economical in production nor 
dimensionally accurate and in any case demands thicker 
original billets, which are limited by material supply 


SIZE AVAILABLE FUTURE SIZES 
METHOD NOW REMARKS AVAILABLE REMARKS 
AREA | MAX AREA | MAX 
SQ. FT _|WIDTH er SQ. _FT_ WIDTH er 
BASED ON | 100 BASED ON 
FORGING 50,000 | TO 300,000 1 
PRESS 140 PRESS 
BASED ON 20,000} 
BASED ON ISO TON PRESS OR 
EXTRUSION 35 2:3 | EXISTING TO 5 SLIGHTLY 
GREATER 
PRESSES 200 amen 
BASED ON 
BASED ON MAXIMUM 
MACHINING 120 4 LIMITING 350 10 + MACHINE 
BILLET SIZE TOOL 
CAPACITY 
A D ON 
BASED ON BASE 
600 12. |MEDIUM SIZE | 600 12. |MEDIUM SIZE 
AIRCRAFT AIRCRAFT 


Ficure 16. Forging, extruding and machining area capabilities. 
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FLANGED_ BULBED 
n Ficure 17. Major forms 
of integral construction. 
UNFLANGED THICK SKIN 


and strength. Other methods of contouring, therefore, 
appear more profitable. Shot peening has already been 
mentioned and this also produces good fatigue life. 
Other methods are rolling and stretching. The most 
recent developments have been concerned with stretch 
forming, using equipment such as the Hufford stretch 
press. There is still a great deal of development work 
required here and greater equipment capacity will even- 
tually be necessary. Since stretching operations are most 
economically effected in the very soft or annealed con- 
dition, large capacity refrigerator plants may also be 
necessary to prevent natural ageing of the machined 
planks between forming operations and to facilitate 
large quantity production. 

Thus it,is apparent that areas of 130 ft.* have al- 
ready been machined and areas of 300 ft.? or more, 
appear practical with very little development of exist- 
ing machine tools and equipment, provided that the 
necessary blank billets are forthcoming. 

Despite the considerable machining and consequent 
swarf production, and the various additional operations, 
all manufacturers with experience of machined integral 
construction claim a reduction in production costs over 
multi-part conventional construction and in some cases 
this cost saving is very considerable, particularly where 
large production runs are possible. 

An overall assessment of saving, based on American 
machining experience, is 12 per cent. on weight, 62 per 
cent. on detail parts, 58 per cent. on attachments and 
9 per cent. on cost. Current British experience, which 


; is extremely limited, suggests 16 per cent., 47 per cent., 


71 per cent. and 30 per cent. respectively. The high cost 
saving of 30 per cent. in the latter figures is staggering 
compared with 9 per cent. in America, but it must be 
remembered that British work has been generally on a 
much smaller scale, involving less radical developments. 
The most recent developments in America on large scale 
work indicate considerable increase in the 9 per cent. 
Cost saving, as instanced by the Lockheed panel where 
the machining time has already been reduced to about 
one-sixth of the original production machining time. 

A summary of the forging, extruding and machining 
area capabilities discussed is given in Fig. 16. It can be 
seen that machining appears to be the only solution for 
large area integral construction at present, while in the 
future machining may be superseded for the lower range 
of sizes by extrusions or by forgings, the latter offering 
the greatest flexibility in design complication and struc- 
tural efficiency, but being the greatest distance away. 


PART III 


SOME OBSERVATIONS ON OPTIMUM 
STRUCTURAL EFFICIENCY AND DESIGN 
TRENDS AND THEIR RELATION TO 
PRACTICAL FORMS OF CROSS SECTION 


3. Basic Design Considerations 


The major forms of integral construction likely to be 
adopted are shown in Fig. 17 and consist of flanged 
stiffeners, non-flanged stiffeners, bulbed stiffeners and 
no stiffeners at all, i.e. tapered sheet. 

The design criterion for the cross-sectional form of 
integral construction will normally occur on the com- 
pression surface of an aircraft wing, it being remem- 
bered that both top and bottom surfaces can be in 
compression due to positive and negative g conditions. 
An investigation into the application of integral con- 
struction to wing compression structures, therefore, 
appears to be the best guide to the form of section likely 
to be adopted. The ensuing discussions will be confined 
to flanged and unflanged stiffeners as these two forms 
are the most popular for machined integral construction. 
The remaining two forms indicated can be regarded as 
special cases of these. 

Integral construction is normally associated with 
high speeds for which a paramount need is to preserve 
laminar flow in the boundary layer leading to a funda- 
mental design requirement of unbuckled skin. Also, 
whatever form of stiffener is employed, local instability 
must be prevented and since the compression load per 
inch will be high, these considerations lead to a form of 
construction where as many forms of instability as 
possible occur simultaneously at a high compressive 
stress. This is in accordance with normal riveted or 
glued skin-stringer construction and provides optimum 
compressive structural efficiency, i.e. from a strength- 
weight point of view. 


3.1. TEST RESULTS 
The junction at the stiffener and skin on integral 
construction is inherently stiff, due largely to the fillet 
corner radii, and it can reasonably be expected that 
the buckling coefficients for both skin buckling and local 
instability will be somewhat higher than the simply 
supported conditions assumed for  skin-stringer 
fabrications. 

This effect has been investigated in a limited test 
programme. The compression test panels were unflanged 
stiffened skins machined from the solid, as these were 
the easiest to manufacture. The results are tabulated 
in Fig. 18. Panel D was designed to fail initially from 
local instability of the stiffener and Panel E from skin 
buckling, the specimens in each case being short enough 
to avoid flexural or torsional instability. It can be seen 
that the buckling coefficients, as obtained from South- 
well plots and deflection clocks and supported by visual 
observation, are much higher than simply supported 
conditions and exceed the values for fixed ended con- 
ditions. Fig. 19 shows panel E after failure, in which 
skin buckling was the initial instability. A feature 
of this panel is the induced local instability of the 
stiffener in the same wavelength as the skin buckling. 
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TEST PANEL A 8 c o E 
MATERIAL. 0.7.0. Nef S46] 607 | 607 | 607 
ACTUAL PANEL WIDTH 7-03] | 7-01 6-28 | 6-28 
ACTUAL PANEL LENGTH. 7-0 6-25 | 6-28 


STRINGER SPACING. (b) ins. 1-738 2-05 2-08 


STRINGER DEPTH. (a) 1-055 | 0-547 | 1-055 | 1-055 


STRINGER THICKNESS. (ts)  «NS.flo-o75 | 0-115 | 0-059 | 0-058 | 0-112 


SKIN THICKNESS (t) INS. ]0-087| 0-087 | 0-075 | 0-089 | 0-050 
ACTUAL PANEL AREA. SQ. INS. }0-836 | 1-330 | 0-687 | 0-801 | 0-785 
ESTIMATED FAILING OR 7 
INITIAL BUCKLING LOAD. TONS |] 16-8 | 29-7 1S-4 6-3 | 7-6 


BASED OW 3-62 Kis 


L 
YPE OF FAILURE EXPECTED. 
ACTUAL FAILING LOAD 12-0 14°0 
UPPER FICURE DENOTES VISIOLE TONS 23-1 35-2 16-5 1-0 20-1 


INITIAL INSTABILITY 


ACTUAL AVERAGE 
FAILING STRESS. 


| $3,800 | 58,700 |57,300 


ACTUAL TYPE OF FAILURE F.t. 6. P.8B. 


0-10 PROOF STRESS. 
DATA LB/sa in. 500 | 74,400 | 73,200 | 74,700 | 74,700 


FROM ULTIMATE STRESS 


68,000/85,600 | 85,000 | 85,000 | 65,000 


CONTROL iss/sa.in. 
TESTS 
+0134 |.00642 |-00531 |-00629 | -o059 
COMPRESSION E 6 
EFFECTIVE PIN- 
DATA Ins. 3-03 2-7 6-15 
ENDED LENGTH 
SOUTHWELL | PANEL BUCKLING 


PLOTS | COEFFICIENT 
OR ACTUAL ILOCAL INSTABILITY 
FAILURE COEFFICIENT KL 


oe THIS LENGTH IS REPRESENTATIVE 
(= TWICE EFFECTIVE PIN ENDED LENGTH.) 
FLEXURAL AND LOCAL INSTABILITIES AND 
PANEL BUCKLING DESIGNED TO OCCUR SIMULTANEOUSLY. 


+ REPRESENTS INITIAL INSTABILITY LOAD AND NOT 
NECESSARILY FAILURE. 


® LOCAL INSTABILITY PB PANEL BUCKLING. 


Ft. FLEXURAL INSTABILITY 


Ficure 18. Tabulated test data for integrally machined panels 
in compression. 


From these observations, therefore, it was concluded 
that for closely spaced stiffeners with reasonably large 
fillet radii at the junctions, fully fixed conditions could 
be assumed. This leads to a skin buckling coefficient 
(both sides fixed) of 6-31 as against 3-62, and a local 
instability buckling coefficient of 1-16 (one end fixed the 
other free in this case). These results can only be re- 
garded as tentative in view of the limited test pro- 
gramme and there is a need for further research. 
Subsequent test work, and indeed the spar box project 
referred to in Part IV, have, so far, provided no reason 
to alter these conclusions. 

Further test work was initiated on torsional insta- 
bility of the unflanged construction but was temporarily 
abandoned because of premature failures arising from 
the poor cross grain properties of the only material 
available. There is, however, no evidence to suggest 
premature failure from this form of instability with the 
sectional dimensions so far employed and this is sup- 
ported by the achievement of nearly 60,000 Ib./in.? 
compressive stress on panel B with representative 
flexural length. This panel, after failure, is shown in 
Fig. 20 and, as can be seen, there is no indication of 


stiffener torsional instability. There is a definite nee 
for further work on this subject, however, to determine 
possible limitations on sectional dimensions. 

An additional factor arising from the tests sum. 
marised in Fig. 18, and equally applicable to all high 
stressed compressive structures, is the importance of the 
plastic modulii. This small test programme indicated 
that equally high compressive stress was possible in 
DTD. 646 material as in DTD. 687, the latter material 
being 14 per cent. greater in ultimate strength. The 
main reason for this is probably a more favourabk 
compressive stress-strain curve in the plastic region for 
the lower strength alloy, and indicates a great need 
for more data on the plastic behaviour of modern high 
strength alloys. 


3.2. OPTIMUM STRUCTURAL EFFICIENCY 

Applying the test results to an analysis of the 
optimum efficiency of flanged and unflanged stiffened 
skin in compression, it is possible to show that values of 
0-9 for the efficiency parameter V/[L/(PE;)] can 
be obtained for unflanged construction, which is com- 
parable with Z-section stringers riveted or glued to the 
skin. Flanged construction efficiencies of the order of 
1:15 are also possible and compare favourably with 
Y-section stringers riveted or glued to the skin. This, 
however, is by no means the end of the story. The real 
problem is the optimum efficiency of a structure which 
is carrying bending moment, shear and torque and must 
satisfy aeroelastic stiffness requirements, and of which 
the compressive material forms part. This obviously 
leads to a consideration of the trends in aircraft wing 
design and its influence on wing structure. Undoubtedly 
these trends are towards higher speeds and thinner wings 
leading to greater loads on the wing structure and more 
stringent aeroelastic stiffness requirements, particularly 
for large structural spans. 


Ficure 19. Integrally machined compression test panel designed 
to fail initially from skin buckling. 
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FigurE 20. Integrally ma- 
chined compression _ test 
panel designed for skin 
buckling and local and 
flexural instability to occur 
simultaneously at a high 
compressive stress. 


Now the efficiency parameter z is only applicable to 
rlatively thick wings where the ribs are large and, 
therefore, heavy. For thin wings there are additional 
factors materially influencing the efficiency of the wing 
structure and it is impossible to express the optimum 
wndition by a single simple parameter. The most 
important of these factors are:— 

(i) For a wing section under a given bending 
moment, the compressive load is inversely pro- 
portional to the distance between the neutral 
axes of the bending material. With thin wings. 
therefore, it becomes increasingly important to 
keep the local neutral axes as near as possible 
to the skin line. 

(ii) Torsional stiffness becomes a primary considera- 
tion and it is necessary to concentrate as much 
bending material as possible in the skin. 

(iii) The weight of a single rib is much less due to 
the reduced depth and area and hence the 
number of ribs in the structure assumes less 
significance. 

The complete analysis for optimum efficiency, includ- 
ing these factors, therefore, is more complicated and a 
general method of solution is under investigation at the 
present time. 

For a given wing this analysis will give the optimum 
sttuctural efficiency but the problem is further com- 
plicated since the ultimate goal is optimum aircraft 
performance and it is necessary to achieve the best 
compromise between aerodynamic and structural para- 
meters. 

Some indications of the pure structural problem are 
siven in Fig. 21. The optimum stress parameter f/(E,') 
8 plotted against the parameter P/(b,3) which involves 
he load/inch P and the wing depth 5, the latter being 
sme measure of rib weight. It should be noted that 


the limiting values of f/(E,') is still a matter for con- 
siderable research on modern high strength materials 
and the values actually quoted are based on a very 
limited number of tests. For low values of the loading 
parameter, flanged integral construction is more efficient 
than unflanged, while at higher values where the 
optimum stress parameter becomes constant, since it is 
limited by the material properties the effect of the type 
of stiffener employed becomes less marked. On this 
graph is also plotted typical wing root loading para- 
meters of a very large transport aircraft, a typical 
bomber and a high speed subsonic fighter. From this it 
can be seen that the large transport would probably have 
most of its wing structure in the variable optimum stress 
range and hence flanged stiffeners would involve less 
weight. The bomber and particularly the fighter are in 
the range where material properties are limiting and the 
effect of the type of stiffener on the structure weight is 
reduced. 

To investigate this trend more fully the actual 
optimum weight of the wing compression material plus 
ribs was determined for typical large transport, bomber 
and fighter aircraft with thickness chord ratios of 16 per 
cent., 10 per cent. and 7 per cent. respectively. The 
results are summarised in Fig. 22 and it can be seen that 
the total weight for flanged construction is 12 per cent., 
2 per cent. and one per cent. below the unflanged form, 
while in all cases riveted Z-section construction is 
appreciably heavier. These results apply to typical 
modern present day aircraft and since the trends of 
future aircraft, both large and small, are towards higher 
speeds and thinner wings, there would appear to be no 
structural weight penalty involved in using unflanged, 
as against flanged, integrally stiffened skins. 

3.3. PRACTICAL CONSIDERATIONS 

Up to this stage the analysis has, by necessity, dealt 
with the ideal. The use of riveted or Reduxed con- 
struction necessitates, at present, various lengths of 
constant thickness sheet and stringer along the wing 
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FiGcureE 21. Design stress for optimum efficiency. 
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involving weighty lap joints and structural discontinui- 
ties and throws away further weight because at some 
sections minimum requirements must be exceeded. The 
use of tapered sheet, when it becomes available, will 
reduce weight but not to a minimum until stiffener 
sections taper in thickness and dimension. By the time 
this can be achieved, at very great cost. integral con- 
struction will be firmly installed. 

If integral construction is to conform to the ideal 
bending material distribution it will be necessary to be 
able to taper skin thickness, stiffener pitch and stiffener 
dimensions. With unflanged integral construction this 
can be done on existing machines and appears to be an 
economic production possibility. With flanged stiffeners 
the problem of machining these various tapers is great 
and does not appear to be an economic proposition. 

An example of how closely unflanged integral con- 
struction can conform to the required section is shown 
in Fig. 23. For comparison a typical riveted construc- 
tion is included. One major source of weight saving 
from the use of integral construction is obvious. 


3.4. CONCLUSIONS 

To sum up it would appear that integral construc- 
tion shows a definite and worthwhile advantage over 
riveted or glued skin-stringer construction for the type 
of high performance aircraft being built or designed and 
that, as wing depths decrease and speeds increase, this 
advantage becomes greater. This, together with the 
many other advantages mentioned in Section | suggests 
that the Aircraft Industry must have integral construc- 
tion and have it soon. 

Finally, it is worthy of note that the considerations 
discussed lead logically to the structural trend from skin 
stringer construction to integrally stiffened skin and 
hence, to a simple thick skin involving the use of multi- 
webs. The application of integral construction to the 
latter structural form is still an attractive and efficient 
proposition. 
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COMPARISON OF SPAR STRENGTHS IN RIVETED AND 
INTEGRAL CONSTRUCTION 
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“s | | STRENGTH OF SPAR IN 
2 >, 
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ROOT 
SPAN 
Ficure 23. One source of weight saving of integral over 


riveted construction by conforming more closely to minimum 
sectional requirements. 


PART IV 


AN EXPERIMENT—A SPAR BOX PROJECT 
EMPLOYING INTEGRAL CONSTRUCTION 


4. Conception and overall details 


It is not surprising, in view of the foregoing record, 
that a research project involving integral construction 
was initiated by Short Brothers & Harland Ltd., sup 
ported in part by Ministry Contract. To investigate 
the considerable advantages indicated over riveted con- 
struction and the practical difficulties involved, it was 
decided to manufacture a spar box structure, employing 
integral construction, to compare with the existing spar 
box of the S.B. 5 aircraft. To complete the exercise a 
strength test under representative fully factored aircraft 
loads was conducted. The project, therefore, provided 
a direct comparison with an existing riveted skin 
stringer spar box. A pictorial view of the spar box, 
together with its riveted forerunner, is shown in Fig. 24. 
The upper and lower surfaces were integrally machined 
and conventional spar webs and ribs were employed. 
The lack of assembly complication and reduction in 
parts is clearly apparent. 

Because of the required spanwise tapering of the 
skin thickness, stringer thickness, height and spacing, i! 
was considered impracticable to machine satisfactorily 
the flanged stiffener section and hence, unflanged stif- 
feners were adopted. In view of the small wing depth 
this was not inefficient structurally, as has already been 
discussed “in Section 3.2. The minimum calculated 
dimensions of the sections along the span were reduced 
to straight tapers to facilitate machining and Fig. 23 
shows how closely it was possible to follow minimum 
requirements. The severe weight penalty of actual 
riveted construction is indicated also. 

The box was 120 in. long and 22 in. wide at the 
root, tapering to 13-5 in. at the tip. The overall depth 
was constant at 10 in. and the outside surfaces had 4 
constant contour conforming to aerofoil section. The 
sectional dimensions of the compression plank at the 
root and tip are summarised in Fig. 25. The skin 
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FicuRE 24. An integral construction spar box project with its 
riveted skin-stringer forerunner. 


thickness tapers linearly from 0-275 in. to 0-056 in., the 
stinger thickness from 0-140 in. to 0-055 in., the 
wringer depth from 2 in. to 0-8 in. and the stringer 
spacing from 2-75 in. to 1-678 in. The root ends of the 
planks were flared out to provide a multi-bolt wing root 
attachment and this was reproduced at the tip ends to 
facilitate test rig attachment. 

An analysis of weight, number of parts and cost in 
comparison with the conventional riveted construction 
isshown in Fig. 26. Savings of 25 per cent. on weight. 
44 per cent. on detail parts and 70 per cent. on attach- 
ments were achieved. These figures are based on actual 
experience with both forms of construction and it is 
estimated that the use of integral construction can 
effect a production cost saving of 39 per cent., based on 
50 aircraft (i.e. 200 machined planks). The actual 
machining time on the second plank produced, com- 
pared very favourably with the estimated time allowed 
in this table for production. Against this, the riveted 
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Ficure 25. Sectional dimensions at the root 
and tip of the compression surface of the 
integral spar box project. 
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spar box was originally designed for a “one-off” 
experimental aircraft and the cost comparison therefore 
should be regarded as an exceptional example. 


WEIGHT 
Weight lb. 
Item 
| Riveted | Integral 
Upper surface (Skin 33-97 57°50 
Stiffeners, channels 42-08 
Reinforcing brackets 2:09 
Nuts, bolts, rivets, etc. | 13-32 0-60 
| Total—upper surface! 91°46 58-10 
Lower surface /|Skin 33-97 50:90 
Stiffeners, channels 33-59 
Reinforcing brackets 1-48 
Nuts, bolts, rivets, etc. 8:76 0-60 
| = 
| Total—lower surface} 76°80 51-50 
Ribs 11°52 13-78 
Front and rear webs 31-60 36°26 
Total—complete box | 211-38 159-64 
No. OF PARTS 
Item Riveted | Integral 
Upper skin 2 1 
Lower skin 2 1 
Stiffeners and channels 44 
Reinforcing brackets and attachment angles 348 
Spars—flanged web sheet 6 2 
Web stiffeners 22 36 
Ribs 13 11 
Rib stiffening and attachment angles 67 233 
Bolts, nuts, washers 3009 
Rivets 7064 2851 
Total | 10577 3135 
ESTIMATED COST OF PRODUCTION 
Riveted Integral 
Labour | Material| Labour | Material 
Item Cost Cost Cost Cost 
£ £ 
Assembly of spar box 700 8 460 > 
Upper surface 800 46 360 95 
Lower surface 800 46 360 95 
Ribs 220 5 195 18 
Front spar 62 6 56 6 
Rear spar 62 6 56 6 
Details 77 3 
Totals 2721 120 1487 225 
Estimated total cost = £2841 =£5792 
SUMMARY 
Saving in weight =246°% 


Saving in No. of detail parts=43°7 % 
Saving in No. of attachments=71°7 % 
Saving in cost 


=39'38 % 


FicurE 26. Comparison of weight, number of parts and cost 
for riveted and integrally constructed spar boxes. 
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FiGureE 27. Blank rolled and stretch-levelled billet. 


4.1. MACHINING THE INTEGRALLY STIFFENED 
SURFACES 

4.1.1. Sequence of operations 

The major part of the work involved the machining 
of the planks and the actual manufacture of the upper 
compression surface will be dealt with in some detail. 
The lower surface was slightly different dimensionally 
but was manufactured by identical methods. 

The sequence of operations was planned to minimise 
distortion and was as follows:— 

(i) Skin breaking on the original billet. 

(ii) Cutting to rough shape on the band saw. The 
cut-away pieces were used for material control 
checks during the various stages of heat 
treatment. 

(iii) Thickness tapering. 

(iv) Contouring. 

(v) Rough machining of the stiffeners and skin. 

(vi) Stress relieving heat treatment. 

(vii) Final machining of the stiffeners and skin. 
(viii) Final machining of the end attachments. 
(ix) Final age-hardening heat treatment. 
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During these operations close inspections were made q 
frequent intervals to check the distortion level api 
machining accuracy. 


4.1.2. The blank billet and preliminary operations 

The blank rolled billet shown in Fig. 27 was suppliei 
by the Northern Aluminium Co., in a stretch-levellej 
solution-treated condition. The stretching operation wa 
considered necessary to provide flatness and a mor 
homogeneous metal flow in order to control and 
minimise distortion. The billet was 2 ft. wide, 104 ft 
long and 24 in. thick and was in DTD. 603B. material 
which, after age-hardening, was specification 
DTD. 646. In this condition figures of 27 tons/in: 
ultimate, 21 tons/in.* proof and 5 per cent. elongation 
were guaranteed throughout the plate. Subsequen 
control test specimens showed that these figures wer 
completely met and, in the outer skin, exceeded. Th 
degree of flatness was remarkably good but it was 
necessary to exercise considerable care in the storage 
and support of the plates because of a tendency to creep 
under their own weight. 

Three billets were ordered, each weighing 755 |b, 
the extra one being a safety measure against a mishap 
to one of the billets during its many adventures. Sub- 
sequent achievement showed that this precaution was 
entirely unnecessary. 

The skin breaking operations shown in Fig. 28 
simply removed the outer in. skin and _ provided 
machined reference surfaces for subsequent operations. 

Rough cutting to shape was made on the band sav, 
a typical operation being shown in Fig. 29. Clamping 
lugs were provided for machining purposes while the 
plate was still solid, and the removed portions were 
utilised for control test specimens to determine the 
longitudinal and transverse properties in the billet. 


4.1.3. Taper and contour machining 
The overall thickness taper, i.e. web height. was 
effected on a Stirk planing machine (Fig. 30), the plate 
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Figure 28. Skin breaking 
on the Stirk planer. 
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made 
vel ani 
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‘up plied 
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ion was 
a mor 
ol and 
104 ft 
naterial 
fication 
yns /in: 
ngation 
sequent 
Ss Ficure 30. Overall thickness taper machining on the Stirk 
The planer. 
It was 
Storage again used to set the surface to be contoured in a 
O creep horizontal plane and contouring was effected by modify- 
ing the traversing head tool box of the planing machine 
55 Ib, to follow a copy bar machined to the required male 
mishap profile. Thus the cross feed automatically gave correct 
Sub. lift with each stroke. The tool used for the finishing 
on was cut was of the button type which produced an excellent 
ie finish and required practically no surface dressing. 
‘ip. 
Ficure 29. Rough cutting to shape on a band-saw. 
ofinile 4.1.4. The suction bed and rough milling 
d saw, ¢ being held down by the clamping lugs. To maintain For the rough milling and subsequent operations to 
mping| ‘Ymmetry and hence minimise distortion, taper was form the webs and skin it was considered necessary to 
ile the} Machined on both sides about the plate centre-line. employ a suction bed for clamping purposes. This bed 
; were} [his proved to be a wise precaution as after one side (Fig. 32), was made with a soft “ Remax” top plate 
ne the} Oly had been machined, a considerable bowing and was contour machined in a similar manner to the 
t. occurred which disappeared on machining the remain- methods described in Section 4.1.3, with the exception 
ing side. Hardwood angular blocks were used to set-up that the female copy bar was employed. The reverse 
the required taper. contour so produced provided the bed surface on which 
: a Figure 31 shows the same planing machine also the contoured billet could rest. This “ Remax ” plate 
. plate producing the aerofoil contour. Hardwood blocks were was drilled with 200 small holes, inter-connected by 


-eaking FIGURE 31. Contour 
ler. machining on the Stirk 
planer. 
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FiGure 32. Suction bed employed for rough and final milling 
operations. 


shallow grooves, which led into a sealed vacuum 
chamber. The chamber was exhausted by a 5 h.p. air- 
cooled vacuum pump capable of maintaining 29 in. of 
Mercury, or effectively a 13-5 ton clamping force. This 
bed also served as an indexing jig providing longitudinal 
angular movement for machining the tapered stiffener 
spacing. A number of experiments were made with 
thick sheets to determine the holding down power of the 
suction bed and these indicated that adequate suction 
was available to hold down the actual planks. 

Figure 33 shows the suction bed in use on a Wadkin 
Spar Mill during the rough machining operation to form 
the stiffeners and skin. The clamping lugs were still 
used to guard against sudden failure of the vacuum 
pump during machining and all the edges were sealed to 
reduce leaks. The machining of the various channels 
was done progressively from the centre of the plank, 
indexing being necessary after each machine traverse to 
provide stiffener spacing taper. At this stage it was 
found that only 22 in. of Mercury could be maintained 
from the suction pump, due to hollow spots and pro- 
bable minor leaks. This was rather worrying as the 
existence of hollow spots would reduce machining 
accuracy. It was thought, however, that as the thick- 
ness of material was gradually reduced the plank would 
automatically pull down. This, in fact, occurred and 
the hollow spots disappeared during final machining, the 
vacuum gauge then increasing to 28:5 in. of Mercury. 


4.1.5. Stress relieving heat treatment 

Roughing cuts reduced the billets to within } in. 
finished size and the next stage was the stress-relieving 
heat treatment. The thought behind this operation was 
as follows. It was considered necessary to finish 
machine in the actual, or near solution-treated, condi- 
tion and then final age-harden in order to avoid possible 
machining cracks. Before final machining, however, it 
was desirable to release any locked up stresses induced 
by the removal of the massive elements of material dur- 
ing rough machining. The variation of ultimate strength 
with time for any given ageing temperature for most 
common light alloys is roughly as shown in Fig. 34. 
For the first half hour or so there is very little change 
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FiGure 33. Rough machining the skin and stiffeners on a 


spar mill. 


in strength or, in fact, even a slight reduction. Since, 
therefore, the release of locked-up stresses is largely 
governed by temperature and not time, this pheno- 
menon permits a stress relieving operation whereby the 
component is raised to the age-hardening temperature 
as quickly as possible and rapidly cooled after a very 
short soaking time. After this treatment the material 
should then still be in the required solution-treated con- 
dition for final machining. It was thought that probably 
90 per cent. of the total machining distortion would 
have occurred during this operation, as final machining 
would remove only a relatively small amount of metal. 
Also, since the material would still be in the solution- 
treated condition, large distortions could be corrected 
by cold working, or small distortions removed during 
final machining. 


25 
U 
g 
AGEING TEMPERATURE = 175°C 
= 
Z| OF 
a 
Sk 
| 2 3 4 5 6 7 
AGEING TIME — HOURS. 
Figure 34. Variation of ultimate strength with time during 


age-hardening for a typical light alloy. 
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FiGure 35. Stress relieving operation. 


Figure 35 shows the beginning of the stress relieving 
operation on the plank. It was considered necessary 
to constrain the plank between rollers in an attempt to 
confine the nature of the distortion to longitudinal dis- 
placement and minimise cross-sectional distortion. 
Control test specimens were included and these rather 
shattered our pretty theories, as it was discovered after 
the stress relieving treatment on the first plank that 
parts had, in fact, been fully aged in half an hour or so 
at temperature. On the second plank the time was 
reduced to about 10 minutes and lower strength 
properties were indicated, but in no case had solution- 
treated properties been retained. However, as there was 
no measurable cross-sectional distortion and only a bow 
of 0:35 in. in 10 ft., it was decided to continue with the 
final machining of the stiffeners and skin. 


4.1.6. Final machining 

Figure 36 shows the skin and stiffener machining 
completed. Machining was again done on the Wadkin 
Spar Mill using the suction bed, which easily provided 
the necessary suction to pull out the small bowing 
previously mentioned. There was no appreciable in- 


juring 


crease in the bowing previously experienced and it was 
quite easy to straighten the machined plank by thumb 


Figure 36. Completed machining of the skin and stiffeners. 


Finally, the ends were machined on a plano- 
mill and the complete plank artificially aged, the same 
constraining rig being used as for the stress relieving 


pressure. 


operation. Some detail views of the ends are given in 
Fig. 37. An inspection survey of the completed plank 
indicated that a general machining tolerance of 
+0:004/ -—0-001 in. had been achieved, with a maxi- 
mum of +0-009/ — 0-002 in. This was rather more than 
the + 0-002 in. called for and most of the increase was 
traced to machining deviations on the suction bed sur- 
face. As the weight agreed closely with estimate and 
the strength was subsequently proved, the achievement 
was quite satisfactory for a first effort, although better 
accuracy must, and would be, obtained in production. 

The second plank was produced much more quickly 
after the experience gained on the first plank and was 
equally satisfactory. The final weights of the com- 
pression and tension planks were 57-5 lb. and 50-9 Ib. 
respectively, which represents some 7 per cent. of the 
original billet weight. 


4.2. ASSEMBLY AND TESTING OF THE SPAR BOX 


Figure 38 shows the spar box part assembled. The 
two machined planks were riveted to the diaphragms and 
front shear web and the box closed by Chobert riveting 
the rear shear web. 

Because of the inconclusive nature of the torsional 
instability tests mentioned previously, it was decided to 
attach the machined stiffeners to the diaphragms by 
small brackets. This increased the weight, the number 
of detail parts and the assembly time, but was 
considered a necessary precaution at this stage of 
experimentation. 

Figure 39 shows the spar box in the test rig. 
Maximum fully factored aircraft loads were applied to 
the structure through a 30 ton hydraulic jack and a 
linkage system picking up on the spar web stiffeners. 
The steel structure at the tip was necessary to enable 
the full loads to be applied at the tip section of the 
box. The whole structure under this loading was 
stressed uniformly throughout, with very slight peak 
stresses about two bays out from the root. This latter 


FiGureE 37. Detail views showing the end pick-ups and contour. 
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section was well strain gauged and structural distortion 
under load was measured from deflection scales with 
remote reading dumpy levels. 

The state of the box at 95 per cent. ultimate load is 
shown in Fig. 40, and failure occurred on the tension 
side at 97 per cent. The explosive report on failure due 
to the release of so much strain energy was acclaimed 
as being one of the finest so far achieved in Short 
Brothers testing history. Failure occurred first at the 
tip (Fig. 41) through the diaphragm rivet attachment 
line. An almost simultaneous, but secondary, failure 
occurred at the root, again on the tension side, through 
the diaphragm attachment rivet line (Fig. 42). This 
form of failure was not unexpected, because of the 
necessary modification of attaching the machined stif- 
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FiGureE 38. Spar box part assembled. 


feners to the diaphragms, which reduced the effective 
tensile area and was only cleared on strength because 
control test specimens indicated the material to be 
above specification figures. Contributory factors to 
failure were the stress concentration effects at the 
diaphragm rivet lines and the existence of small local 
fixation moments at the tip and root attachments to 
the test rig. 

What is more significant, however, is that the com- 
pression surface showed no sign of skin buckling at 95 
per cent. ultimate load while strut bowing between ribs, 
which undoubtedly began, was not severe. 

Strain gauge readings indicated a reasonably uniform 
stress distribution across the upper and lower machined 
surfaces, but the stresses were lower than_ those 


FiGuRE 39. Spar box 
assembled in the strength 
testing rig. 
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Figure 40, 
box at 95 per cent. ultimate 


State of spar 


load. 


This phenomenon in aircraft structural 


testing is not entirely unknown and since the deflection 
measurements agreed closely with calculation and the 
applied test load was, by calibration, known to be 
correct, the electronics department were confined to 
their laboratory to ponder. 


43. MAIN CONCLUSIONS 
The lessons learned from this experiment can be 
summarised as follows:— 


3 


tr 


Ficure 41, 


Relatively low area integral construction of the 
order of 20-40 ft. can be manufactured econo- 
mically in this country using existing machine 
tools and equipment. 


. The weight saving estimate over an existing 


fabricated construction was shown in practice to 
be realised, as indicated by the satisfactory 
strength test. 


. Unflanged section stiffeners behaved extremely 


well in compression and indicated that for this 
type of box practically an optimum efficiency 
structure was achieved. 


. The cost estimate as reflected in machining time 


in production was reasonably substantiated. 


. The surface finish was excellent. 


attachment rivet line. 


Primary tension failure at the tip through a rib 


In conclusion it should perhaps be emphasised that 
this project was primarily an experiment to investigate 
the advantages claimed for this type of construction. It 
is not, however, suggested that the manufacturing 
techniques or the machine tools employed were the best 


possible from a production viewpoint. The production 
facilities at Short Brothers & Harland have already ex- 
panded and with the “ know how ” gained so far, their 
next effort on “ sculptured skin ” will not be an experi- 
ment but an established form of construction with 
many manufacturing and technical advantages. 
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Ficure 42. Secondary tension failure at the root again through 
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SUMMARY OF DISCUSSION 


Several speakers expressed concern at the high cost 
of the machine tools required in the fabrication of large 
machined skins. Mr. Giddings (Bristol Aeroplane 
Company) pointed out that American data on costs of 
production were not relevant to this country, nor was 
Mr. Keen’s cost data on a tailplane in integral construc- 
tion* applicable to a new design. Mr. Harper (Bristol 
Aeroplane Company) felt that the money involved in 
buying large machine tools might be better spent in 
developing conventional means of attachment of sepa- 
rate stringers to a skin. He instanced, in this respect, 
development of adhesive bonding and automatic rivet- 
ing. The difference in production costs in Great Britain 
and the United States was again brought to mind when 
Mr. Boorman (Short Brothers & Harland) recalled that 
he had recently seen a prototype aircraft in the United 
States on which integral construction of the type 
described had been used on both surfaces of the wing, 
the wing spars, on the wing leading edge and even on 
parts of the cabin flooring. 

In reply to these points, Mr. Legg agreed that the 
specimen he had shown was much smaller in surface 
area than the large skins manufactured in the 
United States, but he emphasised that large skins could 
be manufactured economically if appropriate machine 
tools were developed. The problem of providing these 
tools should be tackled on a national scale rather than 
by individual companies. A further point in favour 
of the machined skin was that once it had been 
demonstrated that the initial machining difficulties 
could be overcome, production departments preferred 
to use it in place of a riveted type of construction. One 
over-riding factor in favour of machined skin seemed to 
be that it provided a very efficient high density structure 
such as would be required in future aircraft, where one 
of the biggest problems was the provision of enough 
space within the structure for fuel and equipment. 
Other speakers had mentioned the difficulty of machin- 
ing a skin of variable contour but Mr. Legg thought that 
some process, such as shot peening, could be developed 
to provide the contour after machining. In reply to a 
speaker who had thought that in time of war the disper- 
sal of large machine tools in a country the size of Great 
Britain would present special difficulties, Mr. Legg said 
that he did not see that the dispersal of these tools 
presented any greater difficulty than the dispersal of 
complete aircraft factories. 

Mr. Legg agreed with a comment by Mr. Oram 
(Bristol Aeroplane Company) that the test results (Fig. 
18) showing failing stresses of the order of 60,000 Ib. / 
in.” for a material having a specification 0-1 per cent. 
proof stress of 70,000 lb./in.? was in a great measure a 
tribute to the manufacturers of the alloy. This result 


*Journal of the Royal Aeronautical Society, April 1953. 
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was not necessarily inherent only in integral construc. 
tion. 

Mr. Legg agreed with a speaker who pointed oy 
that the large machined plank manufactured by Th 
Lockheed Company (Fig. 15) was actually a tension 
panel. To the best of his knowledge the spar bo 
project was the first successful application of integral 
construction to compression panels employing the 
unflanged stringer section. 

It was noticed that castellation plates were stil 
necessary for the attachment of the ribs to the skins and 
that this attachment in the test box (Fig. 38) had been 
by means of rivets. It was suggested that it might be 
possible to machine a chordwise attachment boom 
integral with the skin. Mr. Legg agreed that it would 
be possible to machine a suitable attachment, although 
this would require considerably more machining time. 
The original intention had been to have the ribs 
Reduxed to the skins. Unfortunately at the time of 
manufacture the equipment available at his Company 
was not suitable for this purpose. A speaker then asked 
if it had been the intention to Redux the ribs to the 
skin, why was it not desirable to Redux stringers to 
the skin? 

The explanation was that there would be a loss in 
efficiency of the panel, due to the loss of material in the 
fillet radius inherent in integral construction. In any 
case he considered that the complicated machining ofa 
large number of separate stringers and their subsequent 
attachment to the skin, was much less economical than 
the machining of a complete plank, set-up time being of 
particular importance in production. 

A difficulty foreseen by a number of speakers was 
the repair of wing skins which had been badly damaged 
in service. Mr. Legg pointed out that for slight damage 
it would only be necessary to apply a patch plate. To 
the best of his knowledge, it was becoming current 
practice in the services to write off badly damaged 
wings. Mr. Boorman supported him on this point as he 
had been informed that the United States Services 
favoured the repair aspects of integral construction in 
view of its basically robust nature. Persons responsible 
for the repair of slight damage did not require very 
great skill in sheet metal working, as was generally the 
case when repairs had to be made to the skins of a more 
conventional type of construction. 

Opinions were expressed on the suitability of light 
alloy construction for future high speed aircraft and 
missiles. Mr. Legg agreed that the trend might well be 
away from aluminium alloy towards steel and even 
titanium. He felt that if the integral construction type 
of fabrication were proved to be economical in light 
alloy, there was no reason why it should not be done in 
other types of materials. 

In concluding the lecture, the chairman Mr. E. D. 
Keen (Sir W. G. Armstrong Whitworth Company) 
thanked Mr. Legg for his informative and interesting 
lecture. He felt that it had added much to the views that 
he himself expressed in an earlier Section Lecture when 
he had confined the discussion of the subject to the illus- 
tration that fast military aircraft with thick skins would 
call for some form of integral construction. 
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Contributions to this Section of the JourNat will be eligible for Journal Premium Awards and 
will normally be published within two months of being received. 
Cascade Blade Flutter and Wake Excitation 
By 
J. F. W. PARRY AND H. PEARSON 
(Rolls-Royce Ltd.) 
NEW METHOD of presenting the aerodynamic 
data for a compressor or turbine blade cascade 


is shown, with particular reference to flutter excitation 
or damping. The application of these results to wake 
excitation is demonstrated. 
The basic equations for flutter excitation or damp- 

ing are derived in the paper “The Aerodynamics of ey 
Compressor Blade Vibration” presented by H. Pearson / 
at the 1953 Anglo-American Conference (London). No / 
new equations are derived but the method of plotting / 
the relevant data leads to a simpler appreciation of the / 
criteria. / 


NOTATION 
V,_ gas relative inlet velocity [| 
V, absolute gas inlet velocity (steady) || 

V,+vsin pt absolute gas inlet velocity with wake | 

component 

absolute gas inlet angle 

_ felative gas inlet angle 

€ stagger angle 

U_ blade speed 

s blade spacing 


Ficure 1. Cascade notation. 


D, inlet dynamic head 

p, inlet static pressure / of 
Ap static pressure rise through the cascade be ‘ 
V 

a 


cascade outlet velocity V, + vsin pt 


» cascade outlet angle 

x= aw sin(ot + ¢) = vibrational velocity 
(fundamental bending mode) 

a_ blade amplitude 

F lift force on blade in direction of e 
vibrational displacement 

6 inclination of F to U (normally € for a 9 7 
uniform blade) 

f= /(27)=blade frequency 

A, B_ slopes of F as determined in text 

D damping work per second other than 

aerodynamic (i.e. mechanical) 


U 
Ficure 2. Vector diagram. 


W vibrational energy gained by the blade DERIVATION OF THE BASIC EQUATIONS 
per second F h di 
From the cascade notation we have the vector 
diagram of Fig. 2. V, cos z,=(V,, Sin pt) cos z, — x siné 


Received 24th May 1954. V, sing, = —(V,+vw sin pf) sin z,+x cos 6+U. 
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Hence to the first order of small quantities 


vy Sin pt cos(z, + z,)+X% sin(z, 


V d2,= —vy sin pt sin(z, + %,)+x cos (z, — 4). 
oF . OF . 
Now OF = 
Therefore F=F,+6F 


.f 1 OF OF . ] 
F.+i[ x cos (a, — BV, sin (z, — 4) 


— Vy SIN sina (z, 4 
vy SiN V. 3a, cos (z,+ 2, 
or F=F,+Ax - Bv, sin pt, say. 

The vibrational energy gained per second is 


1/f 


=f (—Fx)dt—D 


2a 


1/f 1/f 
= | (x sin pt) dt - D. 


0 0 


=-A 


Maximum contribution from the second (B) term occurs 
when p= and <=0 (i.e. at resonance). In this case 


W = —4Aa’w? + 4Bawv,, D. 


AERODYNAMIC FLUTTER 


With uniform inlet velocity (no wakes) and no 
mechanical damping we have the criterion for aero- 
dynamic excitation of vibration : — 

A shall be negative, 


1 OF OF 
i.e. cos (az, — sin (z, 
This is the “stall flutter” criterion derived in 


Pearson’s paper but is somewhat more general. For a 
uniform section untwisted blade, 6=€ approximately. 
For a twisted blade, experiments indicate that the tip 
section vibrates approximately perpendicularly to the 
root chord and hence for tip excitation 6= €,0.:. 

With a uniform section blade (@=€) as pointed out 
in Pearson’s paper the above criterion is largely deter- 
mined by the 0F /éz, term. However, in certain regions, 
and in particular when 6=€,.,, for a twisted blade, the 
CF /oV, term becomes important and the criterion then 
involves differences of two slopes. In this case it is 
frequently found that the difference is a difference of 
two large slopes, with the attendant inaccuracy of cal- 
culation. The method of plotting developed obviates 
this difficulty. 

The form of the criterion suggests a plot in polar 
co-ordinates taking a radius vector V, and an argument 
of (2, 4). 

If F is plotted as a contour map with these polar 
co-ordinates we see that the components of the slope of 
the function F are (1/V,)@F/0z, in the @ direction and 
oF /cV, in the radial direction. Thus the slope of F 
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FicureE 3. Method of plotting. 


in the direction of the y axis (with the usual choice of 
co-ordinates) is 


0a, ov, 


i.e. the slope “A.” Hence we derive the following 
method of indicating flutter or damping : — 

Plot a contour map of the lift force F on the blade 
using as co-ordinates radius vector V, and argument 
(z,-0@). Then at the point P on the map, if the slope 
is “downhill” in the direction of the y-axis, flutter is 
indicated. Conversely if the slope is “uphill,” damp- 
ing will occur. The severity of the slope is a measure- 
ment of the strength of the excitation or damping. 
Fig. 3 shows the method of plotting. 

The force F is conveniently derived from cascade 
data in the non-dimensional form F/(sD,) where F is 
the force per unit length of blade, s is the space and D, 
is the inlet dynamic head. In this case, by considering 
the change of momentum, 


oF 


cos (a2, #)+ sin (z, | 


cos z, | sin(z, — 6) sin (z., — 4) 


Ap 

+ D. sin 6, 

V., being the outlet velocity at angle z, and \p the static 
pressure rise through the cascade. It is convenient to 
use the inlet Mach number My, instead of V, as the 
parameter. This in no way affects the method. 
Contour maps for three sections are shown, in which 
the force is plotted non-dimensionally as F /(sp,), and the 
flutter region indicated. In addition a map of the tip 
section of a twisted blade vibrating perpendicularly to 
the root chord is shown. Experimental results obtained 
for stall flutter agree well with this method (Figs. 4 5. 
6, 7) 
From these contours the region of stall flutter is 
obvious at a glance. 


WAKE EXCITATION 
In the absence of mechanical damping from the 
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FiGurE 6. Contour map for uniform tip section. 


energy input equation we have, when maximum 
amplitude is attained, 


= Bawvy 


or a= — — 


This is the factor derived by Pearson multiplied by 
B/A. Now A is the slope already derived and 


B= sin (z,+2,) cos +2,) ] 

In a similar manner B is the slope in a direction 
(z,+4) “ North of West” as shown in Fig. 8. 

For a simple cantilever in first flap we have, by 
translating amplitude into root stress (as derived by 
Pearson) for aluminium blades, 


root stress = 1,0667,, 5 Ib. /in.” 


where vy is wake velocity (relative to the main stream) 
in ft./sec. If the factor B/A is ignored (as in the simple 
derivation) this formula gives stresses which are known 
from practical experiment to be too large. However, 
at a typical working point the factor B/A can be quite 
small, as shown in Fig. 7, and may in fact be zero. Thus 
the calculated root stress comes more into line with 


NOTE. POINT“P” TYPICAL 
WORKING POINT. 
2,=60°; %=10° 
-4M,, 6 = Eroor = 18° 


FiGurE 7. Contour map for twisted blade—tip section. 


practical experience. The diagrams show that B/A can 
be determined fairly easily and does not involve the 
calculation of differences of large slopes. 
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FiGureE 8. Derivation of slope “ B.” 


A Null Method for the Measurement of Load in Axial Fatigue Testing Machines 


y 
B. F. BILLING, A.R.Ae.S. 


« 


(Metallurgy Department, Royal Aircraft Establishment) 


HE USUAL METHOD of load measurement with 
strain gauge load cells in a bridge circuit involves 

the measurement of the out of balance voltage either by 
the height of a trace displayed on a cathode ray oscillo- 
scope, or the width of a band produced by a tuned 
galvanometer. Both involve careful regulation of the 
input voltage or calibration during use. The method 


Received 20th May 1954. 


described provides for a null balance of the bridge at 
any instant in the cycle of a uniformly repeated cyclic 
load up to 10,000 cycles per minute. An accuracy of 


= 2 per cent. of the capacity of the load cell is obtain- 
able. 


THE LOAD CELL UNIT 
A form of load cell designed to be used in tandem 
with the test specimen in a Haigh type electromagnetic 
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FicuRE 1 (Above). 
Haigh load cell. 


FicuRE 2 (Right). Load 

cll and elevated tempera- 

ture test assembly in Haigh 
fatigue machine. 


fatigue testing machine is shown in Fig. 1. The hollow 
iduminium alloy cell shown has a capacity of 
+1,000 Ib.; a solid cell would have a capacity 
of + 3,000 Ib. 

The active arm comprises four wire resistance strain 
gauges fixed to the 0-564 in. diameter in the direction 
of the principal strain and connected in series. The 
dummy arm comprises two gauges fixed circumferen- 
tially to each end of the load cell on the 0-5 in. long 
collars and connected in series. By this arrangement 
any temperature gradient occurring along the load cell 
during elevated temperature tests, as shown in Fig. 2, is 
nullified, the mean temperature of the circumferential 
gauges being the same as the temperature of the longi- 
tudinal gauges. Tinsley type 10C gauges having a 
resistance of 325 ohms were used, giving a resistance of 
1,300 ohms in both strain and dummy arms. 

Connections from the load cell are made through 
a Mark IV plug on a carrier fixed to one end of the load 
cell, and a suitable length, usually 5 yards, of light 
screened cable to the bridge unit. Calibration is effected 
by static loading. 


25002 
STRAIN DUMMY 
GAUGES GAUGES 
HIGH SPEED 
| ® RELAY 
| R R R R oo 
BALANCING 
R R R R 
POSITION 


R,= R,, residual resistance at zero. 
Ficure 3. Bridge circuit. 


THE BRIDGE UNIT 


The strain and dummy arms on the load cell form 
two arms of a Wheatstone bridge. The remaining two 
arms are contained in the bridge unit and are 2,000 ohms: 
resistance each. A decade resistance comprising 3 dials 
totalling 11-1 ohms x 0-01 ohms is arranged to be 
added to one or other of the 2,000 ohm arms by a low 
resistance change-over switch. An increase of resistance 
of the strain arm can be balanced with the decade in 
one ratio arm and a decrease can be balanced with the 
decade switched into the other ratio arm. The circuit 
is shown in Fig. 3. 


The out of balance voltage obtained from the bridge 
is displayed on a cathode ray oscilloscope working at a 
sensitivity of | m.v./cm. The output of the bridge is 
intermittently shorted by a Carpenter type 3G2 high 
speed relay driven by a 650 cps oscillator, giving 1,300 
interruptions per second. This provides a zero voltage 
line on the oscilloscope, to which the peak output 
voltage in either direction can be aligned giving the 
condition of null balance of the bridge at the point on 
the waveform coincident with the zero voltage line. 


The bridge current is supplied by a dry high tension 
battery and adjusted to give 35 volts drop across the 
bridge. Mains pick-up greater than about 10 microvolts 
gives objectionable distortion of the bridge output so 
the battery cannot be replaced by a mains power pack 
and it should be kept well clear of mains cables. 


OPERATION OF THE BRIDGE 


The bridge is first balanced by means of the 6 ohm 
helical balancing potentiometer with no load on the 
load cell and the decade resistance set to zero. In this 
static condition the bridge output trace is straight and 
parallel to the zero line and balance is effected by 
bringing the lines coincident. The fluctuating load is 
now applied and the oscilloscope time base adjusted to 
give a stationary wave form. With the decade change- 
over switch in the tension position the bridge is balanced 
at the tension peak by adjusting the decade resistance 
until the tension peak is coincident with the zero line. 
The decade now indicates the peak tension load. By 
changing the switch to the compression position the 
compression peak may be balanced similarly and if 
there is no mean load the decade settings will be 
unchanged. 


When it is desired to apply a definite mean load the 
different tension and compression peak loads may be 
measured separately as above. A more convenient 
method is to balance the bridge with no load on the 
load cell, set the decade to the equivalent of the mean 
load and then apply load until the bridge again balances. 
The decade is then set to zero and the bridge again 
balanced by the potentiometer. The fluctuating load is 
now applied and measured as above. 
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A Possible Method for Obtaining High Mach Numbers 
using Compressed Air Supplies of Relative Low Pressures 
by 
F. VAN DER WALLE 
(Technological University, Delft) 
METHOD for obtaining high Mach numbers using 2. The total temperatures of both air flows are equal 
compressed air of low pressures is described. The =a 
proposed system can be used to extend the working 3. The Mach number in the ejector slot equals | 
range of existing direct blow-down and _ induction (M, =1). 
facilities. 4. The diffusor-efficiency », defined by 
1. INTRODUCTION Ps -(1 
An investigation has been made to see whether a Ps . 
supply of compressed air of about 5 atmospheres could is assumed to be 0°6 for M, <1. 
be used to achieve Mach numbers between 1:4 and 4-0. 5. The velocity is uniform across section 4. 
The commonly used types of intermittent supersonic 6. M.=0. 
wind tunnels driven by compressed air are 7 A —_ 
: 1 
(a) Direct blow-down tunnels. 
(b) Induction tunnels. ; 
At high Mach numbers the induction tunnel is known The three laws governing the flow are 
to be very inefficient while the direct blow-down tunnel (A) Conservation of mass 
requires high stagnation pressures. P,V,A, + (1) 
To overcome these difficulties the possibility of a 
combination of these types was investigated. The “Conservatto of impulse 
efficiency of such a combination will be worse than that A + + Ag (Dot (Di Q) 
of the pure direct blow-down type but the required stag- (C) Conservation of energy 
nation pressure will be lower than for the pure direct f 
blow-down type. A +A =A,¢,T (3) 
Using assumption (2) and equation (1), equation (3) 
NOTATION simplifies to 
A =area of cross section T,=T,=T.. (4) 
C,= specific heat at constant pressure By introducing the mass flow ratio 
M=Mach number mass flow through test section p,7,A, 
p= pressure ‘mass flow through ejector slot p,v,A, 
¢=mass flow=pvA 
T =absolute temperature _ ar M, (y+1)?6-0 
y=ratio of specific heats 2 
p= density 
Subsonic diffusor efficiency 
Other symbols are defined when introduced. For air supply : nid 
subscripts, see Fig. 1. test section= 
: 2. DERIVATION OF THE PERFORMANCE EQUATIONS © nea 
A scheme of the set-up is given in Fig. 1. The = ec sg 
following analysis is a generalisation of the theory for a Ficure 1. 


tunnel as in Ref. 1. Subscripts: (O)=Stagnation condition of test-section flow. 
i The following assumptions are made (see Fig. 1) (1)=Test section condition. 

ae 1. The gas is ideal. (e)= Stagnation condition of ejector slot flow. 
i. (2)=Condition in ejector slot. 
de (4)=End of mixing region. 
Received 22nd March 1954. (5)=End of diffuser. 
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direct blow\down 


Fe 
A operating point (r=o) R 


most favourable operating 
point for pure induction tunnel. 


the equations (1) and (2) can be written 


ar =A’ . (6) 
(1 yt M,’ 
2 
1+ od +/ y _p 
ar y+1 
(7) 


a=p,/p; (pressure ratio for main flow) 
b=p./p; (pressure ratio for ejector flow) 


r=ejector slot area ratio=A,/A, 


A’=M, = 
(+n 


RB’ 1+ yM,° 
4 


3. RESULTS 


By means of equations (5), (6) and (7) a relationship 
between the parameters ar and b(1-—r) can be derived 
for a fixed value of M,. 

The results of calculations for M, = 1-4, 2:0, 3-0 and 
40 are given in Figs. 3, 4, 5 and 6. 

In these figures the quantity ar and the mass flow 
ratio are plotted against b (1 — r). 

_The general character of these figures is given in 
Fig. 2 where the most interesting points are marked. 


working range ot B Cc 
induction tunnels 

Ot O38 O6§ OF OD “1-0 


b(1—r) (4-r) 


FIGuRE 2. 


The following remarks help to understand the mean- 
ing of this figure. 

1. The operating point of the pure direct blow- 
down tunnel, is given by the condition r=1 (point A in 
Fig. 2). 

2. For pure inducton tunnels a=1, while r<1. 
The working range of pure induction tunnels is given by 
the region BC (Fig. 2). 

The most favourable operating point of a pure 
induction tunnel, as far as mass flow ratio « is con- 
cerned, is point B in Fig. 2. The mass flow ratio « has 
a maximum there, while r=1 and b=©O (infinite blow- 
ing pressure and zero slot width). 

This result is also found in a similar analysis in 
Ref. 2. 

3. The region AB in Fig. 2 is the operating region 
for the combined tunnel; the direct blow-down character 
increasing if the operating point is chosen nearer to point 
A and the induction character increasing if chosen 
nearer to point B. In Table I some results of calcula- 
tions are given for the following case: 

Test-section Mach number M,=4-0 
Stagnation pressure aft of the diffusor, p,=1 


atmosphere 
TABLE I 
_ Required 
Ej visas slot Required ind quantity of air Required 
arearatio nation pressure 
=p, (atm) (1b./ sec.) . horsepower 

1-00 9-0 1020 
0-95 9-9 950 
0:90 47 10°8 910 
0°85 3:9 11:0 800 


| S11 
— 
M 
(2) 
(3) 
1 (3) 
(4) } where 
; 
j 
6} 


ar 


fe) 


2 
FIGURE 3. 
ar M, =2:0 
6 
3k 
ar 
0-2 O03 0-4 66 b(1-r) 


FIGURE 4. 
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FiGure 5. 
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FIGURE 6. 


Test-section cross sectional area A , = 36 in.’. 

The stagnation pressures of the test-section air flow 
and the ejector air flow are taken the same (p, = p.) and 
several values of the ejector area slot ratio r are 
considered. The horsepower calculations are based ona 
two-stage compression. 

Table I shows that the most striking feature of the 
the combination is the reduced stagnation pressure 
required, while the reduction in horsepower require- 
ments is much smaller. 

As a result this combined system is not attractive for 
use in closed circuit tunnels where more profit can be 
taken of a reduction of stagnation pressure as required 
horsepower is considered. 

The system can be used however, to extend the Mach 
number range of existing direct blow-down or induction 
type facilities. 

In addition an already available compressed air 
supply can be used to design a supersonic wind tunnel 
for higher Mach numbers, as would be possible if using 
a simple direct blow-down or induction type tunnel. 


4. CORRELATION BETWEEN EXPERIMENTS AND THEORY 


A consideration of performances of existing tunnels 


of the direct blow-down and induction type reveals that 
the theory gives somewhat too optimistic figures; the 
differences in ar and b(1-r) between experimental and 
theoretical values ranges from about 10-30 per cent. 

The theory cannot be checked for pure induction 
tunnels for Mach numbers between 2 and 4. There is 
no reason to suspect that the theory will give unrealistic 
figures in this region, but a further check by experiment 
would be worthwhile. 
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Reviews 


APPLIED ELASTICITY. Chi-teh Wang, McGraw 
1953. 357 pp. Diagrams. 57s. 6d. net. 

This book set me thinking of Captain M——————’s 
confidential clerk,") who had attempted to become an 
author and had practised as a reviewer. When a new 
publication was sent to him it bore a private mark from 
his employer, directing the quantum of praise or censure 
which it was to incur. If the former were allotted to it, 
the best passages were selected; if condemned to the 
latter, all the worst. That would be easy; for like the 
little girl this book, when it is good, is very, very good, 
and when it is bad, it is horrid. 

The opening is classical; analysis of stress, analysis of 
strain, stress strain relations and the general equations of 
elasticity. But the classic form challenges comparison 
with the well-loved'*) primitives, and the first forty pages 
leave the feeling that one has heard it all before, rather 
better orchestrated. 

Unluckily Chapter 4 opens with a pictorial crime; we 
await the second edition to see what happens to “a long 
prismatic cylinder under the action of lateral loads 
uniformly distributed along the axis (Fig. 4.1). There 
it is indeed—with nothing except the slender z-axis to 
sustain it: poor ... prismatic cylinder! It is neither a 
beam, nor a bar, nor a shaft, all of which turn up later 
in familiar guises; this cylinder is just a broken backed 
bridge to plane strain! Plane strain is generalised before 
we reach plane stress (but then the Greeks began with 
l,m and n) and the rest of the chapter goes round in 
circles; very useful circles, such as thick tubes, round 
holes in plates and thermal stresses in discs. 

Then follows an excellent chapter on torsion, including 
the membrane analogy and shear flows in multi-cell boxes. 
Chapter 6 is pure relaxation in huge creamy blocks; but 
the kiddies would love a more fruity example—we get so 
tired of twisting squares. 

If you like complementary energy you will like Chapter 
7; I do not like complementary energy. Chapter 8 is 
complex variable and invariably simple and good. The 
test is bending, buckling and plates and shells, which 
makes us thirst for more (in two separate volumes from 
the same publishers). Anyway read it and see for yourself 
(and by the way read the reference also). The matter is 
mostly there, but somehow it does not quite add up. 
That goes also for the book as a whole, which is beauti- 
fully printed on fine, glossy paper: the diagrams in 
particular are excellent and a few are really useful.—n.L.c. 
REFERENCES 
1. Marryat: “The King’s Own.” Chapter 28, C. P. Dutton 

& Co. 

2. Byron: loc. cit. 


REACH FOR THE SKY. Paul Brickhill. Published by 
Collins, London. 384 pp. Illustrated. 16s. net. 

_ In writing a biography it is difficult to avoid making 
its hero bigger than life-size, particularly when he still 
leads a very active part in the world of today—as in the 
case of Group Captain Douglas Bader, the subject of 
Paul Brickhill’s study. Inevitably there is greater freedom 
in dealing with the past at some distance, for one of the 
alms of biography should be not merely to paint a picture 
mn glowing colours of an interesting or important person- 
ality, but by this means to throw light upon the main 


course of events through which he has lived, and to 
reveal terms of comparison in human endeavour which are 
a stimulation to the reader’s way of life. 

Paul Brickhill, writing with an accomplished journalist’s 
skilled interpretation and sense of drama, has produced a 
book which has all the speed and slickness of a novel. 
It grips attention, sometimes with horrified interest, at 
others with intense admiration for the courage, endurance, 
and desperate determination of Bader which not only 
enabled him to become one of the world’s greatest fighter 
pilots but to do so by overcoming the terrible disability of 
the amputation of both legs after an air crash. Yet despite 
the vivid portraiture and the authentic atmosphere of 
flying and war the flamboyant character who emerges from 
the pages of the book does not seem to have quite the 
air of greatness and attraction possessed by the vivid, 
humorous Bader many of us know. 

Nevertheless, it is a book to read. Here is the timeless 
epic of the Battle of Britain in all the desperate, enthralling 
reality. No other than a fighter pilot could have written 
like this. Here, as in all his books, Brickhill excels when 
he seeks to recapture the sky-world of airmen at war. Yet 
sometimes, when he superimposes his synthesis of Bader’s 
thoughts one feels somewhat incredulous of this inter- 
pretation. Thus of a German pilot falling to his death 
with only a remnant of parachute trailing, he comments: 
‘“* Bader thought whimsically he must be a Gestapo Agent 
who had been sabotaged by the honest airman.” In the 
heat of the fight one may be pitiless, or frightened, or 
angry, or possessed by a sense of unreality—but hardly 
whimsical. 

Yet this may be no more than carping criticism, for the 
book, above all, is an inspiration to those who are maimed, 
who have given up hope, for it tells of a battle greater 
than any air fight. Douglas Bader will ever remain 
honoured, beyond all his decorations for valour, for the 
supreme triumph of his spirit over a cruel adversity which 
would have conquered lesser men. He has opened new 
horizons of hope and achievement.—HARALD PENROSE. 


THEORY OF MACHINES. B. B. Low. Longmans, Green. 
1954. 472 pp. 431 diagrams. 25s, net, 

This volume, although containing much material taken 
from the author’s earlier book “ Engineering Mechanics,” 
is so greatly enlarged as to be in effect a completely new 
work. It covers very satisfactorily the scope of the 
examination syllabuses for the engineering Institutions and 
Higher National Certificates and includes nearly all the 
normal requirement for normal degree courses in this 
subject. 

The whole book bears evidence of care and thought 
in its preparation and is especially to be commended for 
the very clear and readable style in which the subject- 
matter, both mathematical and descriptive, is presented. 
The treatment is in logical order with a minimum need 
for cross-reference, the diagrams are extremely clear and 
well produced. There are many worked examples together 
with an ample supply of exercises for the student. 

Having regard to the syllabuses for which the book 
is designed, it is interesting to see that Mr. Low has been 
able to include certain topics which are not commonly 
found in text-books of this kind and to treat others more 
fully than is usual. Some features deserving special 
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mention are two really comprehensive chapters dealing 
with cam gears and friction brakes, a very useful intro- 
duction to the theory of dimensional analysis, a treatment 
of the problem of the pendulum with finite swing and an 
exact analysis of the friction in a vee-thread. On the other 
hand, the subject of gyrostatic action is dealt with only 
briefly. 

Every author concerned with engineering mechanics 
encounters difficulty in dealing with the units of force 
and mass, in that the equations of dynamics may be 
written either in terms of absolute units or gravitational 
units, but not in both unless each equation is duplicated. 
Here, after an explanation of both systems, the gravi- 
tational units are employed; a choice which is probably the 
better of the two in a book written for engineering students. 
It is perhaps unfortunate, however, that there is no 
mention of metric units. 

The book is worthy of attention as a general work on 
Theory of Machines, and as a class text-book seems likely 
to find favour with teachers and students.—J. C. OAKDEN. 


FLIEGEN IN UNSERER ZEIT (Contemporary Flying). C. 
Walther Vogelsang. Hans F. Menck Verlag—Frankfurt/Main 
1953. 160 pp. 143 Illustrations. DM 8.20 net (German text). 

This book shows, in a way, a departure from good 
German practice. The author’s name is not followed by 
any academic titles, or any other indications as to his 
standing in the world of science, industry, administration 
or journalism, nor is the purpose or scope of the book 
mentioned in the Introduction. It is thus left to the 
reviewer—without actually reading the book from cover 
to cover—to establish the scope as well as to judge the 
quality of the product. 

As the title shows the book deals with flying in our 
time, which means the post-war era. The Introduction 
gives a bird’s-eye-view on the development of the i/c 
engine from N. Otto till the Second World War. The 
actual text starts with the description of the beginnings 
of gas turbine work followed by the pulse-jet. The main 
portion of the text is devoted to the description of turbo- 
engines. 

First comes the turbo-jet accompanied by a description 
of most of the types actually built; then the turbo-prop, 
dealt with in a similar manner. A chapter is devoted to 
“compound ” engines which means two turbo-prop units 
turning one airscrew. A page is devoted to the turbo-jet 
unit for a flying saucer as described in The Aeroplane of 
March 1953. 

This is followed by a chapter on rockets, both as 
missiles and as propulsion units. The atom-engine is not 
forgotten either, two pages being devoted to the atom- 
driven aircraft. 

The last thirty pages treat what the author calls 
“notable flights with jet-propelled aircraft’ covering the 
flying machines as well as the flights. 

The entire text is purely descriptive with hardly any 
formule. On the other hand a fair knowledge of engines 
(and apparently aeroplanes) is assumed. 

The book could be of some interest to people in the 
aircraft or allied fields who do not deal with aero-power 
plants in a professional capacity but who would like to 
know what has been achieved in that field. It is well 
illustrated (with photographs only) and is attractively 
produced. 

On the whole it is hardly of any use to readers in this 
country, who are well served in this field by a number of 
existing publications.—J. SOLVEY. 
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FUNFZIG JAHRE MOTORFLUG. Edited by Dr. Franz 
Burda. Offenburg (Baden) 1953. 327 pages of Photographs, 
(German text.) 43s. net. 

This is a slap-dash album of photographs which js q 
great disappointment after the apparent promise of jt; 
format and general appearance, and the publisher’s remarks 
about it being a “ gliicklicher Mischung von Bild am Text,” 
showing the development of motored flight. Among the 
900 illustrations there are of course many valuable, 
interesting and exciting shots; but what one would have 
expected of a good large German production of this kind 
is sadly lacking. For there is little sense of proportion, 
and no serious attempt to follow properly the astonishing 
development of modern flying. What can one think of a 
would-be serious work—and from such a land of 
accurate and painstaking research—when one finds two 
photographs of the 1911 Wright glider masquerading as 
the 1902 machine, badly re-touched views of the powered 
Flyers, no illustrations at all of the early Blériots, the 
Delagrange-Voisin of 1907, Curtiss, Cody, Roe, the first 
trans-Atlantic flight of Alcock and Brown (Lindbergh has 
six photos), the Everest flight, the Douglas DC-2, the 
pioneering Sikorsky helicopters, the D.H. Moth, the 
Schneider winner, the early British jet, and so on. It 
would be dreary to continue the list. 

No one could object to a German bias in a German 
book, provided that the over-all picture of the epoch on 
its development was well and fairly done. But it is badly 
done, and the book is far from being a “ gliicklicher 
Mischung ’—it is a “ Mischung” indeed, but can best 
be described in Pennsylvania-Dutch as “ schlecht gemixte 
pickles.” —c. H. GIBBS-SMITH. 


METHODS OF MATHEMATICAL PHYSICS, VOLUME I. 
R. Courant and D. Hilbert. Interscience Publishers Inc., New 
York. 550 pp. Index. 75s. net. 

This volume is the first English edition, having been 
translated and revised from the German original first 
published by Julius Springer in 1924. It is an attempt to 
reunite divergent trends in mathematics and physics in 
order to avoid the disaster of the broad stream of scientific 
development (at least in the field of mathematical physics) 
splitting into smaller and smaller rivulets and eventually 
drying out. 

Mathematical methods, originating in problems of 
physics, are developed and an attempt is made to shape 
results into unified mathematical theories. To this end, 
the earlier chapters of the book deal with the basic prin- 
ciples involved in the algebra of linear transformations, 
series expansions of arbitrary functions, linear integral 
equations and the calculus of variations. The later chapters 
then deal with vibration and eigenvalue problems, appli- 
cation of the calculus of variations and the special 
functions defined by eigenvalue problems. The value of 
the book to thé physicist, whose time for delving into the 
mathematics is probably strictly limited, is enhanced by 
two features. Firstly, the breakdown of the subject matter 
of the book immediately strikes the reviewer as being such 
as to facilitate the finding of particular theorems and their 
relationship to practical problems. Secondly, a list of 
references given at the end of each Chapter and a further 
additional bibliography at the end of the book are invalu- 
able aids to detailed examination of the theories presented. 

The printing and presentation are in the immaculate 
style that we have come to expect from the American 
technical publishers. To a certain extent this offsets the 
relatively high cost of their publications to buyers in this 
country.—A. J. BARRETT. 
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THE LIBRARY—REVIEWS 


SELECTED COMBUSTION PROBLEMS; FUNDA- 
MENTALS AND AERONAUTICAL APPLICATIONS. 
AGARD. Cambridge 1953: Proceedings. 434 pp., diags. 

One of the perhaps less well-known agencies of the 
North Atlantic Treaty Organisation is “ AGARD ”—the 
Advisory Group for Aeronautical Research and Develop- 
ment. Within this, the Western European nations, which 
have allied themselves for the defence of democracy in 
NATO, exchange technical data and consult and colla- 
borate on various aspects of aviation. One of its advan- 
tages is that it brings into the picture of Anglo-American 
collaboration those nations from across the Channel which, 
as aeronautical history shows, have been (and still are) 
responsible for many vital contributions to aeronautical 
knowledge. 

From 7th to I1lth December 1953, AGARD held a 
conference on combustion problems at the Cambridge 
University Engineering Laboratory in England. Mr. E. T. 
Jones of the M.O.S. gave a welcoming address, and the 
proceedings were presided over by Dr. Theodore von 
Karman (Chairman of AGARD). The volume under 
review is a preliminary collection of the papers presented; 
a final bound volume, containing a record of the 
discussions, English summaries of the foreign-language 
papers, colour plates, etc., will be made available in due 
course. 

Of the 18 papers included, five are presented in French, 
the rest in English; the authors (some papers having dual 
authorship) are: Adamson, Datner, Gaydon, Geckler, 
Grover, Karlovitz, von Karman, Penner, Marble, Ross, 
Scurlock and Simon (U.S.A.); Linnett, Lloyd, Mullins and 
Spalding (U.K.); Barrere, Bernard, Bertin, Fabri and 
Mestre (France). The subjects covered range from the 
fundamental aspects (e g. Penner on “ Spectroscopic Studies 
of Pre-mixed Laminar Flames), through such questions 
as “ Combustion of a Single Droplet and of a Fuel Spray ” 
(Spalding), to papers on matters of such immediately 
practical application as “ The Problem of Combustion at 
High Altitude (Lloyd and Mullins), ‘Combustion Insta- 
bility in Liquid-Propellant Rocket Motors” (Ross and 
Datner), ““ The Mechanism of Combustion of Solid Propel- 
lants” (Geckler), and the problems of pulsejet engines 
(Bertin). 

It is obviously impossible to do justice to such a 
symposium in any review of reasonable length, but equally 
obvious that no workers in the field of jet or rocket propul- 
sion should be without this volume of its proceedings.— 
A. V. CLEAVER. 


THE COLLECTED PAPERS OF STEPHEN P. TIMO- 
SHENKO. McGraw Hill 1953. 642 pp. £7 net. 

It is a great pleasure to have been invited to review 
the Collected Papers of Professor Timoshenko; for it need 
hardly be said that the material is of the finest quality 
and that the book’s scientific value is assured. 

Few men have done as much as Timoshenko has for 
engineering science. Some idea of the magnitude of his 
contribution can be had from the following list of his 


text-books : — 

“Theory of Elasticity’’ (in Russian), 2 Volumes, 1914. 

“Applied Elasticity’ (with J. M. Lessells), 1925. 

“Vibration Problems in Engineering *’ 1928. Edition 2, 1937. 

“Strength of Materials,’ 2 Volumes, 1930. Edition 2, 1941. 

“Theory of Elasticity’? 1934. Edition 2 (with J. N. Goodier), 1951. 

“Elements of Strength of Materials’ (with G. H. MacCullough) 1935. 
Edition 2, 1940. Edition 3, 1949. 

“Theory of Elastic Stability ’’ 1936. 

“* Engineering Mechanics ’’ (with D. H. Young) 1937. Edition 2. 1940. 
Edition 3, 1951. 

“Theory of Plates and Shells 1940. 

“Theory of Structures’ (with D. H. Young) 1945. 

“Advanced Dynamics (with D. H. Young) 1948. 

“History of Strength of Materials 1953. 


They are, of course, very well known and are widely used. 
It is a pity that this list, which the reviewer believes to be 
complete, does not appear in the present work. Apart 
from these books, Timoshenko has written many articles 
and the most important of them are collected together in 
the book under review. This is with the exception of 
twenty-three early papers which appeared in Russian and 
have not been translated—they are listed by title only. 

There appears at the front of the book an excellent 
portrait and a biographical sketch written by Professor 
D. H. Young. This well written article gives an outline 
of Timoshenko’s career—a subject which would, incident- 
ally, provide ample material for an adventure story: for 
his early years in Russia were far from tranquil. 

The volume contains thirty-five papers which are 
presented in chronological order. Each is written in 
German, French or English and a wide range of topics is 
covered. Readers who are acquainted with elasticity 
theory will find many old friends among them. Although 
most of these articles were written over a quarter of a 
century ago, there are very few instances in which the 
material can be said to be of historic value only. 

In a preface that is signed by some of his former pupils, 
a tribute is paid to Timoshenko’s extraordinary ability as 
a professor. It refers, not only to his great gift of lucidity 
in lecturing, but also to his influence as a beloved and 
inspiring teacher. This is, in fact, the second tribute to 
appear in book form. The first (which is not mentioned 
in the work under review) contains original papers written 
by some of Timoshenko’s friends (“The Timoshenko 
Anniversary Volume,” Macmillan (1938)). 

This book is well produced but, unfortunately, very 
expensive; this feature will keep it off many shelves, where 
it would otherwise be most welcome.—Rk. E. D. BISHOP. 


THE AIRCRAFT ENGINEER’S HANDBOOK. No. /. 
Airframe Structure and Controls, Flying Instruments and 
Equipment. 292 pp. Illustratiois. Pitman, Lendon. 30s. net. 

The Volume sets out primari'y to meet the needs of 
the candidate for a Maintenance Engineer’s Licence in 
Category “A,” and by going, in some respects, beyond 
this requirement widens its field of usefulness to include 
all students of aircraft maintenance. 

Candidates for “C” Licences are generally faced with 
two tasks. First they must learn the basic principles of 
all the systems and units used in the aeroplane, and . 
secondly they must study the particular unit and system 
installed in the aircraft type which the licence is required 
to cover. 

Many engineers would prefer this handbook to have 
concentrated rather more on basic information, leaving 
the student to obtain knowledge of specific units and 
systems from manufacturers’ own publications. This is 
particularly the case with instrumentation, where the 
average candidate steps right outside the scope of his own 
basic training. 

The value of this book to such candidates would have 
been greater had it defined clearly the extent of both 
basic and specialised knowledge necessary for the licence. 
To go beyond the requirements of the licence including, 
for example, overhaul procedures, can be confusing. It 
might in fact have been advantageous to have limited the 
text to the specific requirements of the “A” Licence. 
However, to other students there is an undoubted advan- 
tage in finding so much valuable information in one book. 

In the series of which this handbook is one volume, 
electrical equipment is included with engines, although the 
engine or “C” Licence only deals with electrical equipment 
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appertaining to the engine or power plant. In view of the 
extent and complication of the electrical services in a 
modern aircraft, this subject might well have been given 
a book to itself. Again, bearing in mind the “A” Licence 
candidate who is not an electrician, the need for basic 
information and a clear definition of how much he is 
required to know, would be necessary. 

The Maintenance Schedule is well covered, but some 
space could have been devoted to the method of its 
preparation, i.e. the need for a survey of the complete 
maintenance task. Some space could have been devoted 
to the progressive increase in hours between checks showing 
that, for example, after a suitable period in operation the 
hours between major checks may be increased to, say, 
1,200, i.e. double the figure given in the “ typical mainte- 
nance schedule.” 

The volume, with its Appendices, is certainly compre- 
hensive. It includes the airframe structure, controls, 
instruments, equipment, maintenance and overhaul pro- 
cedures, test specifications, trouble shooting, air legislation, 
and a glossary of aeronautical terms. For most students 
of aircraft maintenance, almost an “ Enquire Within.”— 
F. H. PEARN. 


INTERMEDIATE ENGINEERING DRAWING. 4. C. 
Parkinson. Fourth Edition. Pitman, London, 1954. 247 pp. 
402 figures. 10s. 6d. net. 

The first edition of this book was published in 1936 
and it has become so widely known and generally used 
that any appraisal of its merits now would be superfluous, 
although it has not been reviewed in the Journal before. 

This new edition is well up to the standard of the 
previous ones. An extensive rearrangement of Part II, 
“ Engineering Drawing,” and Part III, containing exercises 
on geometrical and engineering drawing and miscellaneous 
notes and tables, has given room for more examples, some 
further solution hints and additional tables in agreement 
with Standards current at the time of writing.—e.c.P. 


AMERICAN AVIATION WORLD WIDE DIRECTORY. 
SPRING/SUMMER 1954. xvxii. 682 pp. 1954. $7.50. 

The difficulty of reviewing such volumes as this is that 
one cannot read them through at a sitting. 

It is only in day to day use that they prove their value 
and this particular bi-annual is indispensable to anyone 
who has occasion to refer to personalities, firms, transport, 
and every other aspect of aviation, both military and civil, 
in the international field. Its coverage would be remark- 
able in an annual volume; its appearance twice a year 
makes it doubly so.—F.H.s. 


L OF THE ROY 


AERONAUTICAL SOCIETY 
JET AIRCRAFT SIMPLIFIED. C. E. Chapel. Aer 
Publishers Inc. Second Edition 1954. 176 pp. Illustrated. 


$3.75 (Hardbound) or $2.75 (Paper cover). 

The first edition of this book was issued in 1950 and 
so much has happened in the field of jet aircraft since 
then that the work needed bringing up to date, particularly 
in the rocket section. The author describes simply the 
principles of operation of the various jet prime movers 
and then gives a complete catalogue of American engines 
and jet aircraft. 

To those who want a catalogue of photegraphs and 
press releases on American aircraft and engines, this book 
will be most welcome.—D.C.s. 


SIMULTANEOUS LINEAR EQUATIONS THE 
DETERMINATION OF EIGENVALUES. Editors, L. J, 
Paige and Olga Taussky. U.S. Government Printing Office, 
Washington 1953. 126 pp. Diagrams. $1.50 net. 

This book is a collection of reports by various mathe- 
maticians presented at a Symposium in Los Angeles in 
1951. Considerable advance in methods of computation 
led to a re-examination of the problems of solution of 
systems of linear equations and the determination of 
eigenvalues; these papers outline the conclusions reached 
on the solution of these problems by automatic digital 
computing machines. 

The first paper gives a_ tentative classification of 
methods of solution of systems of linear equations and 
also, a fairly extensive bibliography which should be of 
use to anyone wishing to examine this problem more 
thoroughly. 

Other papers deal with such aspects as inversion of 
matrices errors in matric computation, determination of 
eigenvalues and eigenvectors of matrices, and _ solutions 
of systems of linear equations on a relay machine. In 
several papers the method of computation on a particular 
machine is outlined.—mM.M. 


NEWNES ENGINEER’S REFERENCE BOOK—6th Edition. 
Edited by F. J. Camm. Newnes, London, 1954. 1,970 pp. 
Diagrams and Tables. 70s. net. 

There has always been a soft spot in the writer’s heart 
for this handbook because it is one of the few “ general 
engineering ” reference works that has a section (36 pages) 
devoted to Aeronautical Engineering. This includes 
characteristics of a convenient number of N.A.C.A. aero- 
foils, a table of the physical properties of the Standard 
Atmosphere, critical Mach numbers and other snippets of 
information. It is hopeless to try to summarise the mass 
of other information in the book and perhaps its surest 
recommendation is that a sixth edition in eight years 1s 
justified.—F.H.S. 


Additions to the Library _ 


American Mathematical Society and Office of Ordnance 
Research. TRANSACTIONS OF THE SYMPOSIUM ON FLUID 


MECHANICS AND COMPUTING. Interscience. 1954. 
Dornberger, W. V.2. Hurst & Blackett. 1954. 
*Duckworth, Captain A. D. (Editor). TRANSACTIONS OF 

THE INSTITUTION OF NAVAL ARCHITECTS. Vol. 95. 


ILN.A. 3954. 


D.S.1.R. NATIONAL PHYSICAL LABORATORY: REPORT FOR 
THE YEAR 1953. H.M.S.O. 1954. 

Freas, A. D. and M. L. Selbo. FABRICATION AND DESIGN 
OF GLUED LAMINATED Woop STRUCTURAL MEMBERS. 


U.S. Dept. of Agriculture. Tech. Bulletin 1069. 
U.S.G.P.O. 1954. 


Gallagher, J. E. EXPERIENCE OF NEW YorK AIRWAYS 


INC. ON MAINTENANCE OF HELICOPTERS. Army Trans- 
portation Service. 1954. 
High Duty Alloys. HIDUMINIUM SHEET AND PLATE 


TECHNICAL Data. H.D.A. 1954. 

Kronig, R. (Editor). TEXTBOOK OF Puysics. Pergamon. 1954. 

Neuber, H. THEORY OF NOTCH STRESSES. Edwards. 1946. 

Spreadbury, F. G. ELectricaL IGNITION EQUIPMENT. 
Constable. 1954. 

Sutton, G. P. ROCKETS BEHIND THE IRON CURTAIN. 
(Automotive Industries.) 1954. 

*Watertown Arsenal. TITANIUM BIBLIOGRAPHY 1900-51. 
TITANIUM BIBLIOGRAPHY 1952 SUPPLEMENT. Battelle 
Memorial Institute. 1952/3. 
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Reports 


AERODYNAMICS 


BOUNDARY LAYER 


An experimental study of porosity characteristics of perforated 
materials in normal and parallel flow. George M. Stokes, 
Don D. Davis, and Thomas B. Sellers. N.A.C.A. Technical 
Note 3085 (April 1954). 
Experimental data have been obtained to show some of the 
flow characteristics of perforated materials when subjected 
to airstreams directed normal and parallel to the surface of 
the material. The results of these tests showed that the 
effective porosity of the material dropped markedly as the 
stream velocity increased.—(1.1.5 x 1.5.1.3). 


Preliminary investigation of the effects of heat transfer on 
houndary-layer transition on a parabolic body of revolution 
(N.A.C.A. RM-10) at a Mach number of 161. K. R. 
Czarnecki and Archibald R. Sinclair, N.A.C.A. Technical 
Note 3165 (April 1954). 
This paper presents the results of a preliminary investigation 
of the effects of heat transfer on boundary layer transition 
on a parabolic body of revolution (N.A.C.A. R.M.—10) at 
Mach number of 1°61. This paper includes also a study of 
the effectiveness of cooling on boundary-layer transition 
with model surface roughened and a comparison of the 
results obtained in this investigation with other available 
theoretical and experimental data.—(1.1.1 x 1.9.1). 


An extension of the investigation of the effects of heat transfer 
on boundary-layer transition on a parabolic body of revolution 
(N.A.C.A. RM-10) at a Mach number of 1°61. K. R. Czarnecki 
and Archibald R. Sinclair. .N.A.C.A. Technical Note 3166 
(April 1954). 
This paper covers the extension of a previous investigation 
of the effects of heat transfer on boundary layer transition 
to higher Reynolds numbers, to greater amounts of heating, 
and to a more extensive study of the effects of surface 
roughness and wind-tunnel flow disturbances. The tests 
were made at a Mach number of 1:6 and over a Reynolds 
number range from 2°5 x 10® to 35x 10°. A comparison is 
made between the experimental results and theory.— 
1 1.9.1). 


COMPRESSIBLE FLOW 


Experiments at M 1:8 on bodies of revolution having ogival 

heads. H. K. Zienkiewicz, et al, A.R.C. Current Paper No. 148 

(January 1953, published 1954). 
Measurements have been made in the N.P.L. 9x 3 in High- 
speed Wind Tunnel of the pressure distribution at a Mach 
number of 1°8 on three bodies of revolution with ogival 
heads of different shapes at zero incidence. Comparison 
between the experimental pressures and those obtained 
theoretically showed good agreement.—(1.2.3). 


The similarity law for hypersonic flow and requirements for 
dynamic similarity of related bodies in free flight. Frank M. 
Hamaker, Stanford E. Niece, and Thomas J. Wong. N.A.C.A. 
Report 1147 (1953). 
The similarity law for non-steady, inviscid, hypersonic flow 
about slender three-dimensional shapes is derived. Require- 
ments for dynamic similarity of related shapes in free flight 
are obtained. The law is examined for steady flow about 
related three-dimensional shapes.—(1.2.3.1). 


Transient temperatures in heat exchangers for supersonic blow- 

down tunnels. Joseph H. Judd. N.A.C.A. Technical Note 

3078 (April 1954). 
A method has been presented for the computation of tube 
and fluid temperatures for fluid flowing through heat 
exchangers of the heat-accumulator type in which the tem- 
peratures are low enough so that radiation may be neglected. 
Three entrance air conditions were considered, constant 
temperature, exponentially decreasing temperature, and 
linearly decreasing temperature.—(1.2.1 x 1.9.1). 


CONTROL SURFACES 


Some aerodynamic characteristics of wide-delta cruciform wings 
with canard-delta or trailing-edge control surfaces. K. Walker, 


Douglas Report No. SM-14976 (November 1953). 


The control characteristics of wide-delta cruciform wings 
with canard-delta or trailing-edge control surfaces are 
investigated on the basis of linearised supersonic wing 
theory. The results are presented for the case of control 
surfaces deflected as ailerons. Equations and graphs for 
the forces, moments and centres of pressure on each of the 
fins are presented as functions of Mach number and wing 
geometry. The applicability of these results to other cases 
of control deflections and to certain other planforms are 
discussed.—( 1.3.1). 


FLuip DyNamics 


On rotating curved discs. D. G. Hurley. A.R.L. Australia, 
Aerodynamics Note 132 (February 1954). 


When a curved disc is rotated at high speeds it experiences 
a force which is parallel to the axis of rotation and in the 
sense away from the convex side of the disc. A theoretical 
investigation, which covered a wide range of disc sizes and 
rotational speeds, suggests that the power needed to produce 
the force is too large for the phenomenon to have a practical 
application. A simple experiment gave results in approxi- 
mate agreement with the theory.—(1.4). 


On the sound field of a point-shaped sound source in uniform 
translatory motion. H. Honl. N.A.C.A, Technical Memor- 
andum 1362 (April 1954). 


A rigorous analysis is presented of the excitation of sound 
by point sources moving in uniform translatory motion at 
subsonic or supersonic velocities through a two- or three- 
dimensional medium at rest.—(1.4.1 x 1.2.3). 


INTERNAL FLOW 


See also BOUNDARY LAYER 


An experimental investigation at low speeds of the effects of 
lip shape on the drag and pressure recovery of a nose inlet 
in a body of revolution. James R. Blackaby and Earl C. 
Watson. N.A.C.A. Technical Note 3170 (April 1954). 


A low-speed investigation, for an angle of attack and angle 
of yaw of 0°, was made of the effects of iniet lip bluntness 
and profile on the performance of a ducted body of revolu- 
tion. A sharp inlet lip profile was tested in addition to five 
circular-are profiles having contraction ratios (ratio of area 
at inlet leading edge to minimum inlet area) of about 1-04, 
1:08, 1:16, 1:24, and 1:33, and two lips with elliptical internal 
profiles and approximately elliptical external profiles having 
contraction ratios of about 1-08 and 1-18.—(1.5.1). 


STABILITY AND CONTROL 


The effect of the compressibility of the air on the dynamic 
longitudinal stability of an aeroplane in gliding flight. C. M. 
Kalkman and J. Buhrman. N.L.L. Holland, Report V. 1648. 
(February 1953). 


The trends of frequency and damping of the disturbed 
motions with the variation of Mach number in the sub- 
critical region are investigated. Approximative expressions 
for these quantities are derived from the equations of motion 
in which the speed dependence of the aerodynamic coeffi- 
cients is taken into account. A numerical evaluation of the 
results for a typical high speed aeroplane is carried out.— 
(1.8.2). 


THERMO-AERODYNAMICS 


See also BOUNDARY LAYER COMPRESSIBLE FLOW 


Combined natural—and_ forced—convection laminar flow and 
heat transfer of fluids with and without heat sources in channels 
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with linearly varying wall temperatures. Simon Ostrach. 


N.A.C.A. Technical Note 3141 (April 1954). 


The flow of fluids with and without heat sources and subject 
to body forces between two plane parallel surfaces which 
are oriented in the direction of the generation body force is 
analysed under the condition that the temperatures vary 
linearly along these surfaces. Solutions of this problem are 
obtained in terms of “universal” functions which are 
tabulated for simple application to specific cases. Represen- 
tative velocity and temperature distributions from which 
detailed study of the heat transfer is made are then com- 
puted.—(1.9.1). 


Note on the aerodynamic heating of an oscillating surface. 
Simon Ostrach. N.A.C.A. Technical Note 3146 (April 1954). 


An analysis of the temperature distributions in a fluid over 
an oscillating surface with heat transfer is made and 
associated heat-transfer parameters are compared with those 
for the case of conduction at a stationary surface with the 
same initial temperature potential. The effect of the surface 
oscillations on the thermal state of the fluid is studied by 
means of average static- or total-temperature defects, and it 
is demonstrated that the oscillations could alter the fluid 
temperature appreciably.—{1.9.1). 


WINGS AND AEROFOILS 


A résumé of maximum lift data for symmetrical wings with 
various high lift aids. T. Nonweiler. College of Aeronautics 
Note No. 5 (March 1954). 


This report collates the existing data on the values of the 
low-speed Cr max of wings, in the absence of a fuselage, and 
without including information on stalling incidence or pitch- 
ing moment. The summary is limited to the consideration 
of unswept wings and those of delta planform, which have 
symmetrical sections: there is some discussion of the maxi- 
mum lift increments due to the use of flaps of various kinds. 
—(1.10.2 x 1.3.4). 


Theoretical load distributions on wings with cylindrical bodies 
at the tips. D. E. Hartley. A.R.C. Current Paper No. 147 
(June 1952).—(1.10.1.2). 


Note on the effect of thickness and aspect ratio on the damping 
of pitching oscillations of rectangular wings moving at super- 
sonic speeds. W. E. A. Acum. A.R.C. Current Paper No. 
151 (May 1953, published 1954). 


An estimate is made of the effect of variation of aspect ratio 
and thickness parameter on the damping derivative of a 
rectangular wing performing pitching oscillations in a super- 
sonic stream. After a discussion of various theories of 
unsteady two-dimensional supersonic flow round aerofoils, 
that due to Van Dyke is combined with the linearised super- 
sonic theory for a rectangular flat plate to obtain the effect 
and the damping in pitch. The values given apply to wings 
; of symmetrical biconvex section oscillating at low frequency, 

: in a stream of Mach number such that the shock at the 
ey leading edge is attached.—(1.10.2 x 2). 


Note on the flow around delta wings. T. Ornberg Re. 
Sweden, Aero Technical Note 38 (February 1954). 


In order to find reasons for some irregularities in delta 
wing force and moment curves as measured in wind-tunnels, 
some investigations have been made of the flow on and 
around wings of this type and its effect on the pressure 
distributions. The flow on and around wings with various 
sweep angles and profile thicknesses has been investigated at 
low speeds (the boundary layer flow on the suction side 
also at supersonic speeds). Low speed pressure distributions 
have been measured on and above the suction side of these 
wings.—(1.10.2.2). 


A preliminary theoretical investigation of the effects of propeller 
slipstream on wing lift. E. W. Graham, et al. Douglas Report 
No. SM-14991 (November 1953).—(1.10.1 x 27.1). 


Lift and moment coefficients expanded to the seventh power 
of frequency for oscillating rectangular wings in supersonic 
flow and applied to a specific flutter problem. H.C. Nelson, 


Ruby A. Rainey and C. E. Watkins. 

3076 (April 1954). 
Linearised theory for compressible unsteady flow is usej 
to derive the velocity potential and lift and moment coeff. 
cients in the form of power series in terms of the frequeng 
of oscillation for a harmonically oscillating rectangular win 
moving at a constant supersonic speed. Closed expression 
for the velocity potential and lift and moment coefficient 
accociated with pitching and translation are given to th 
seventh power of the frequency.—(1.10.1.2 x 2.0). 


N.A.C.A. Technical Noy 


Comparison between theory and experiment for interfereng 
pressure field between wing and body at supersonic speeds 
William C. Pitts, Jack N. Nielson and Maurice P. Gionfriddo, 
N.A.C.A. Technical Note 3128 (April 1954). 
Pressure-distribution data were obtained for a wing-body 
combination at Mach numbers 1:48 and 2:00 and at Rey. 
nolds numbers 0°6, 1:2, and 1:5x 10°. The model was a 
single-wedge, rectangular wing mounted on a cylindrical 
body with an ogival nose. The body angle of attack ranged 
between +6° and —6° and the wing-incidence angle ranged 
from 0° to —5:7°. The experimental pressure-distribution 
and span-loading results are compared with the linear, wing- 
body interference theory of N.A.C.A. T.N. 2677.—(1.10.2.3), 


Effects of leading-edge radius and maximum thickness-chord 
ratio on the variation with Mach number of the aerodynamic 
characteristics of several thin N.A.C.A. airfoil sections. Robert 
E. Berggren and Donald J. Graham. N.A.C.A. Technical 
Note 3172 (April 1954). 
The results of a wind-tunnel investigation at Mach numbers 
to approximately 0°9 and Reynolds numbers from | x 10 
to 2x 10° indicate no significant effects of leading-edge- 
radius variation on the variation with Mach number of the 
aerodynamic characteristics of 4- and 6-per cent.-chord-thick 
N.A.C.A. 4-digit-series aerofoil sections. The results indi- 
cate beneficial effects of maximum thickness reduction on 
lift and drag characteristics and no important effects on 
moment characteristics.—(1.10.2.1). 


HELICOPTER AERODYNAMICS 


Downwash measurements behind a 12-ft. diameter helicopter 

rotor in the 24-ft. wind tunnel. R. A. Fail and R. C. W. Eyre. 

R. & M. 2810 (September 1949, published 1954). 
Some measurements of downwash have been made in a 
plane behind a 12 ft. diameter helicopter rotor over a range 
of shaft inclination and tip speed ratio. In the various 
Operating conditions, the tunnel tests are in reasonable 
agreement with the theoretical results for the appropriate 
type of loading.—(1.11). 


TESTING AND INSTRUMENTS 


Criteria for condensation free flow in the R.A.E. No. 18 (9 in. 


x 9 in.) supersonic tunnel. D. J. Raney and D. Beastall. A.R-C. : 


Current Paper No. 164 (June 1953, published 1954). 
Tests have been made in the R.A.E. No. 18 (9 in. x 9 in) 
supersonic tunnel to determine the dryness of the air circu- 


lating through the tunnel necessary to ensure condensation 
A single test indi- 


free flow through the working section. 

cates that a strong shock wave has little effect in causing 

premature condensation but that local expansions around 

may substantially reduce the critical humidity.— 


An investigation of the disturbances caused by a reflection 
plate in the working-section of a supersonic wind tunnel. 
A. O. Ormerod. R. & M. 2799 (November 1950, published 
1954). 
An investigation has been made of the disturbances caused 
by a reflection plate, mounted clear of the boundary layer 
in a supersonic tunnel. Static traverses were made, mainly 
at a Mach number of 1-4 above four reflection plates having 
different plan forms, with various conditions in the passage 
between the plate and the tunnel wall.—(1.12.1.3). 


Un micromanémetro con indicador del “cero” y alcance de 
presiones hasta 320 mm de agua. 
Nawalany. 
(1.12.5). 


J. E. de Krasinski and T. 
Aeronautical Institute, Argentina, Report T-2.— 
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THE LIBRARY—REPORTS 


The calculation of drag from wake surveys. H. Klein. Douglas 

Report No. SM-14973 (October 1953). 
The application of wake survey methods to drag determina- 
tion is examined. The drag of a closed body or the drag 
of a protuberance or air inlet or exit on a semi-infinite body 
may be found by wake measurements through the use of 
the momentum equation. Measurements of the flow angu- 
larity as well as total and static pressures must be made.— 
(1.12). 


The zero-lift drag of a 60° delta-wing-body combination 
(AGARD model 2) obtained from free-flight tests between 
Mach numbers of 0°8 and 1:7. R. O. Piland. N.A.C.A. Tech- 
nical Note 3081 (April 1954). 
The zero-lift drag of a 60° delta-wing-body combination 
(designated AGARD model 2) has been determined by 
free-flight tests of two models between Mach numbers of 
0°8 and 1:7. These Mach numbers correspond to Reynolds 
numbers, based on body length, of 4x 10° and 12 10°, 
respectively. An estimate of the drag of the configuration 
was made by summing the estimates of the drag of the 
various components.—(1.12). 


AEROELASTICITY 
See also AERODYNAMICS : WINGS AND AEROFOILS 


Rolling effectiveness and aileron reversal of rectangular wings 

at supersonic speeds. John M. Hedgepeth and Robert J. Kell. 

N.A.C.A. Technical Note 3067 (April 1954). 
Linearised supersonic lifting-surface theory is used in con- 
junction with structural influence coefficients to formulate 
a method for analysing the aeroelastic behaviour in roll at 
supersonic speeds of a rectangular wing mounted on a 
cylindrical body. Rolling effectiveness and aileron reversal 
speed are computed by using a numerical solution which 
incorporates matrices.—(2). 


A calculation study of wing-aileron flutter in two degrees of 
freedom for two-dimensional supersonic flow. Donald S. 
Woolston and Vera Huckel. N.A.C.A. Technical Note 3160 
(April 1954). 
Results are presented of some sample calculations made for 
the bending-aileron and torsion-aileron flutter of a wing- 
aileron system of infinite aspect ratio for several values of 
Mach number in supersonic flow and also for some subsonic 
Mach numbers.—(2). 


FLIGHT TESTING 


Analysis of flight measurements on the airborne path during 

take-off. W. R. Buckingham and D. Lean. A.R.C. Current 

Paper No. 156 (October 1952, published 1954). 
Analysis of a series of systematic take-off tests with a 
Meteor IV aircraft has shown that to a good approximation 
the minimum airborne path to 50 ft. may be treated as an 
arc of a circle. With this assumption it is a simple process 
to derive the mean equivalent lift coefficient used during 
this part of the take-off. Using the results of a similar 
analysis applied to three other aircraft, an empirical rule 
has been developed, from which the mean equivalent lift 
coefficient increment, and hence the minimum airborne 
distance to 50 ft.. can be estimated simply and with reason- 
able accuracy.—(13.3). 


HYDRODYNAMICS 


The hydrodynamic characteristics of modified rectangular flat 
plates having aspect ratios of 1:00 and 0:25 and operating near 
a free water surface. K. L. Wadlin, J. A. Ramsen and V. L. 
Vaughan, Jr. N.A.C.A. Technical Note 3079 (March 1954). 


Results are presented from an investigation of the hydro- 
dynamic forces and moments acting on modified rectangular 
flat plates with aspect ratios of 1-00 and 0:25 mounted on a 
Single strut and operating near the free water surface. A 
simplified method of obtaining the lift characteristics in un- 
Separated flow at large depths is presented.—(17.1). 


INSTRUMENTS AND EQUIPMENT 


Initial results of instrument-flying trials conducted in a single- 
rotor helicopter. Almer. D, Crim, John P. Reeder and James 
B. Whitten. N.A.C.A. Report 1137 (1953). 
Instrument-flying trials were conducted in a single-rotor 
helicopter, the manoeuvre stability of which could be 
changed from satisfactory to unsatisfactory. This report 
was formerly T.N. 2721.—(18). 


“El log de aire,” un instrumento para la medicion directa de 
velocidades sub y supersonicas. R. Schmidt. Aeronautical 
Institute, Argentina, Report T-1.—(18). 


MATERIALS 


A theory of plastic flow for anisotropic hardening in plastic 
deformation of an initially isotropic material. J. F. Besseling. 
N.L.L. Report S.410 (30.9.53). 
This paper contains a theory of plastic deformation based 
upon the idea of conceiving a material to be composed of 
various portions, successively taking part in the plastic 
yielding. The theory is able to describe the aristropic be- 
haviour of the material in hardening.—(21.0). 


Coefficient of friction and damage to contact area during the 
early stages of fretting. Il—Steel, iron, iron oxide and glass 
combinations. J. M. Bailey and D. Godfrey. N.A.C.A. Tech- 
nical Note 3144 (April 1954). 
Experiments were conducted to study the early stages (up 
to 400 cycles) of fretting of steel-steel combinations at con- 
stant frequency, amplitude, load, and humidity. Pure iron, 
glass, and iron oxide powder compacts were used in supple- 
mentary experiments. The results of microscopic observa- 
tion of the contact area, chemical analyses of fretting debris, 
and measurement of coefficient of friction are presented.— 


Statistical study of overstressing in steel. G. E. Dieter, G. T. 

Horne and R. F. Mehl. N.A.C.A. Technical Note 3211 (April 

1954). 
The effect of overstressing on the fatigue properties of 
S.A.E. 4340 steel has been studied statistically. The effect of 
microstructure on the susceptibility to reduction in fatigue 
life due to cycles of overstress was investigated. The 
effect of overstress on the endurance-limit statistics was 
studied for the quenched and spheroidised structure. 
Enough specimens were tested to determine the endurance- 
limit statistics of damaged specimens by the probit method. 
—(21.2.1). 


MECHANICAL ENGINEERING 


Trends of rolling-contact bearings as applied to aircraft gas- 

turbine engines. S.A.E. Summer Meeting, Atlantic City, N.J. 

N.A.C.A. Technical Note 3110 (April 1954). 
Requirements for rolling contact bearings for future aircraft 
gas-turbine engines are severe. Operating temperatures to 
750° F., thrust loads to 50,000 pounds, and DN values to 
3-5x 10° are desired. Cage material compatibility, bearing 
endurance life, high-temperature lubricants, and lubricant 
cooling are expected to be the major problems. These and 
related problems are discussed from the viewpoints of the 
bearing industry, engine manufacturers, and the military 
authorities.—(23.2.1 x 27.1). 


NAVIGATION 


Applicability of magnetic-drum information ‘storage to the 
C.A.A. teletypewriter circuits. F. J. Gross. C.A.A. Technical 


Development Report No. 233 (April 1954) 
This report is the result of a study made at the Technical 
Development and Evaluation Centre to determine whether 
a magnetic-drum information-storage system could improve 
the existing CAA teletypewriter service.—(26). 
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PROPELLERS 


24-ft. wind tunnel tests on a propeller with N.A.C.A. 16 series 
sections. Test results and analysis into mean lift-drag data. 
A.R.C. MacDougall and A. B. Haines. R. & M. 2602 (August 
1948, published 1954). 


This report gives the results of tests made in the Royal Air- 
craft Establishment 24 ft. Wind Tunnel on the de Havilland 
propeller for the Aeronautical Research Council research 
programme initiated in 1943. The propeller was designed 
to give a good performance at high forward speeds and the 
aim of these tests was to check whether, as a result, serious 
losses in take-off performance had been incurred. The 
results are more reassuring than was expected.—(29.1). 


STRUCTURES 
Loaps 


Study of inadvertent speed increases in transport operation. 
H. A. Pearson. N.A.C.A. Report 1138 (1953). 


Factors relating to inadvertent speed and Mach number 
increases in transport operation are discussed with the object 
of indicating the manner in which they might vary with 
different qualities of the aeroplane and the minimum 
margins required to guard against reaching unsafe values. 
Speed increments and the margins required under several 
assumed conditions are investigated. This report was 
formerly T.N. 2638.—(33.1.1 x 1.6.3). 


Maneuver accelerations experienced by five types of commercial 
transport airplanes during routine operations. Thomas L. 
Coleman and Martin R. Copp. N.A.C.A. Technical Note 3086 
(April 1954). 


The magnitude and frequency of occurrence of manoeuvre 
accelerations experienced by five types of commercial 
transport aeroplanes during routine operations obtained 
from time-history (VGH) records are presented. The 
results are compared with available gust-acceleration data 
for the operations considered.—(33.1.1 x 33.1.2). 


THEORY AND ANALYSIS 


The exact solution of the problem of the oblique plate.  P. 
Lardy. A.R.L. Australia, Translation No. 13 (December 1951). 


This is a translation of “ Die strenge Losung des Problems 
der schiefen Platte.”—(33.2.4.7.0). 


Stress and deflection measurements on a mutlticell cantilever 
box beam with 30° sweev. S. Eggwertz and B. R. Noton. 
F.F.A., Sweden, Report 53 (February 1954). 


An experimental investigation of the stress distribution and 
deflections has been carried out on an idealised four cell 
model wing with 30° sweep. The model consisted of two 
identical untapered cantilever beams joined together with 
a heavy root rib. The cover plates extended unbroken be- 
tween the tip ribs, while the spars were built into the root 
rib. The specimen has been manufactured in 24S-T 
aluminium alloy and the components have been joined by 
using Redux and Araldite structural adhesives. In the first 
case, two vertical forces were applied on each cantilever at 
the intersection of the front and rear spars with the tip ribs 
and in the second case, a vertical — was applied at the 
rear spar and tip rib joints.—(33.2.3.2). 


Calculation of stresses in a swept multicell cantilever box beam 
with ribs perpendicular to the spars and comparison with test 
results. S. Eggwertz. F.A.A., Sweden, Report 54 (March 1954). 


An energy calculation is carried out on a 30° swept four-cell 
box beam which is entirely clamped at the root. The beam 
has a constant section along its whole length and is provided 
with three outboard ribs perpendicular to the spars. 
Different assumptions are made as to the bending stiffness 
in the lateral direction of the beam. Two different approxi- 
mations are also introduced for the shear flow in the 
trapesoidal root panels. The model tests have been des- 
cribed in detail in F.F.A. Report No. 53.—(32.2.3.2). 
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Deflection and stress analysis of thin solid wings of arbitrary 
plan form with particular reference to delta wings. Many 
Stein, J. Edward Anderson and John M. Hedgepeth. N.A.CA. 
Report 1131 (1953). 


The structural analysis of arbitrary solid cantilever wings by 
small-deflection thin-plate theory is reduced to the solution 
of linear ordinary differential equations by the assumptiop 
that the chordwise deflections at any spanwise station may 
be expressed in the form of a power series in which the 
coefficients are functions of the spanwise co-ordinate. 
Experimental deflection and stress data for constant 
thickness delta-plate specimens of 45° and 60° sweep are 
presented.—(33.2.3.2). 


Results of edge-compression tests on stiffened flat-sheet panels 
of alclad and nonclad 14S-T6, 24S-T3 and 75S-T6 aluminun 
alloys. M. Holt. N.A.C.A. Technical Note 3023 (April 1954) 


This investigation was made to augment data previously 
obtained on the compressive strengths of stiffened flat-sheet 
panels to include the range where ultimate strengths 
approach the compressive yield strengths of the material, 
The sheet materials used were alclad and nonclad 14S-T6, 
24S-T3, and 75S-T6.—(33.2.4.6.1). 


WEIGHT ANALYSIS AND CONTROL 


A method for measuring the product of inertia and the inclin- 
ation of the principal longitudinal axis of inertia of an airplane, 
Robert W. Boucher, Drexel A. Rich, Harold L. Crane, and 
Cloyce E. Matheny. N.A.C.A. Technical Note 3084 (April 
1954), 


An analysis has been made of a method for experimentally 
determining the moments of inertia and the product of 
inertia about the body reference axes, the moments of inertia 
about the principal axes, and the inclination of the principal 
longitudinal axis. The results of the application of this 
method and the associated equipment and techniques are 
discussed for both a simple model and a_ conventional 
aeroplane.—(33.4.2). 


THERMODYNAMICS 


Heat transference and pressure loss for air flowing in passages 
cf small dimensions. J. Remfry. R. & M. 2638 (A.R.C. Mono- 
graph) (June 1947, published 1954).—(34.3). 


On the calculation of the aerodynamic field of stabilized flames 
and choking phenomena occurring in flame stabilization. J. 
Fabri, R. Siestrunck and C. Fouré. A.R.L. Australia. Trans 
lation 14 (July 1952). 


The first paper is in the nature of a summary of the methods 
used, while the second paper presents these and the results 
at greater length.—(34.1.2). 


An approximate method for estimating the transient heat flow 
distribution in a de-icing pad. R. L. Wardlaw. N.A.E. Canada, 
Laboratory Report LR-95 (January 1954). 


De-icing systems of the cyclic electro-thermal type make use 
of heater pads consisting of a heater element protected on 
each side by an insulating layer. In order to establish the 
desirable characteristics of such pads the present study has 
been made of idealised model with a step input of power. 
under simple boundary conditions.—(34.3.3). 


Experimental determination of thermal conductivity of low: 
density ice. W. D. Coles. N.A.C.A. Technical Note 314% 
(March 1954). 


The thermal conductivity of low-density ice has been com- 
puted from data obtained in an experimental investigation 0 
the heat transfer and mass transfer by sublimation for an 
iced surface on a flat plate in a high-velocity tangential ail- 
stream. The results are compared with data from several 
sources on the thermal conductivity of packed snow and 
solid glaze ice.—(34.3.3). 
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SOlution 
Imption 
on may f{ALOSTER AIRCRAFT CO. LTD., Gloucester, have ACANCIES exist at SMITHS AIRCRAFT INSTRU- 
ich the vacancies in the Research Department for the MENTS LTD., near Cheltenham, for an _ experienced 
rdinate, } following: — Technical Author experienced in describing electronic and elec- 
stant) Technical Assistant (H.N.C. standard) to take charge of ~ trical instruments. The author is expected to work on the 
“€P at” vibration section carrying out ground resonance tests on preparation of instruction manuals to A.R.B. requirements, and 
complete aircraft and on small scale models and com- must have a sound engineering and electrical background. 
ponents of aircraft. Knowledge of elementary vibration Situated in pleasant Cotswold country, three miles north of 
panes} theory and simple electronics for measurements of vibra- Cheltenham, the facilities provided by the Company’s Athletic 
‘minyy | tion amplitudes and phases. A Technical Assistant is also and Social Club, include those for Riding, Sailing and Flying. 
1 1954 required to help with above. Applications, with details of qualifications, experience and 
ali i hould be made to the Personnel Department, 
_., 2 Technical Assistant (H.N.C. standard) for pressure cabin salary required, s 4 
— system development. Mainly on test rigs simulating all S. reagan — Ltd., Bishops Cleeve, Glos. Please 
; $ “ or part of the aircraft pressure cabin system. Knowledge quote reference 27/EN. 
ris of air flow measurements, air operated servo valves, small 
48-76 centrifugal air compressors and turbines. 
‘3. Technical Assistants (H.N.C. standard) on fuel system 
development, involving (a) full scale rig tests simulating OW Q 
flight conditions and (b) development of fuel system com- D TY E UIPMENT LIMITED 
ponents. Knowledge of pressure operated servo valves. 
fuel flow meters, etc., required. CHELTENHAM 
. .. [4 Technical Assistant (H.N.C. standard or above) for 
inclin- powered flying control development. Knowledge of 
rplane. Mathematics of hydraulic servomechanisms would be an require 
e, and advantage, also practical experience of power control 
(April installations. 
5. Technical Assistant for development work on_ aircraft STRESSMEN 
entally hydraulic systems (H.N.C. standard). Experience of aircraft with Higher National Certificate or Degree for 
uct of } hydraulic components required, together with knowledge interesting work on Aircraft Undercarriages and 
saaiiie of properties of modern. hydraulic fluids. Hydraulics 
incipal } 6 Technical Assistant for development work on_ Aircraft y ; 
vf this Electrical system and components including D.C. and 
es are A.C. generators and control gear. H.N.C. standard in DRAUGHTSMEN 
tional electrical engineer- for Hydraulics and Undercarriage Division. 
Applications, giving details of age and previous experience. 
should be addressed to the Employment Officer. These are permanent positions with 
excellent prospects of advancement. - 
AERODYNAMICS Attractive environment. Good working conditions. 
ssages RAPIDLY EXPANDING precision instrument manufac- 5 k. C ee 
Vfono- turing firm holding long term design and development con- 5 day week. anteen. CaSIOn Seen. 
tracts for AUTO-PILOTS has a vacancy for an Aerodynamicist 
having 2 to 3 years industrial experience on Stability and Con- Write in tabulated form to : 
trol of aircraft. The position offers excellent opportunity for 
fames | 4 Man of initiative and sound training. Please forward full PERSONNEL MANAGER 
‘—_ details of career and salary required (which will be treated in 
vial Strict confidence) quoting reference AE to Box No. 457. 
thods 
esults 
flow (AIRCRAFT DIVISION) 
nada, 
Invite applications from experienced ENGINEERS for executive positions in the Design Office. 
d on Applicants should have had experience in one or more of the following branches of aircraft design: 
pe Aerodynamics Structural Design 
wer, Electrical Systems Power Plant and Fuel Systems 
Stressing 
low: These posts will carry a considerable degree of responsibility and applicants must be capable of 
3143 supervising detail design. 
‘om: Salaries will be commensurate with experience and ability to accept responsibility. 
n of 
r an Apply to Employment Manager, Vickers-Armstrongs Limited (Aircraft Division), Weybridge, 
be’ Surrey, giving full particulars and quoting reference EO/ACD/A. 
and 3 
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